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J (54) Title: DISPERSING AGENTS IN NANOCOMPOSITES 



Q (57) Abstract: The instant invention discloses a compo.sition, preferably a nanocomposite material, comprising (a) a synthetic poly- 
>5r mer, (b) a filler such as for example a natural or synthetic phyllosilicate or a mixture of such phyllosilicates, preferably in nanopar- 
tides, and (c) a dispersing agent prepared by controlled free radical polymerization (CFRP). 
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Disperslna agents fn nanocomoosites 

The present invention relates to a composition, preferably a nanocomposite material, 
comprising (a) a synthetic polymer, especially a poiyoleftn, (b) a filler, especially a natural or 
synthetic phylloslllcate or a mixture of such phyllosiltcates, preferably in nanoparticles, and 
(c) a dispersing agent prepared by controlled free radical polymerization (CFRP), The 
present Invention relates also to a process for the preparation of a synthetic polymer 
nanocomposite material which comprises melt mixing a mixture of a) a synthetic polymer, b) 
a filler, and c) a dispersing agent prepared by controlled free radical polymerization and to 
the use of the latter to Intercalate and exfoliate a filler and disperse the filler In a synthetic 
polymer matrix to form a nanocomposite material. 

The addition of filiers to organic materials, especially polymers, Is known and is described 
for example in Hans Zweifel (editor). Plastics Additives Handbook, 5th Edition, pages 901- 
948, Hanser Publishers, Munich 2001. The use of fillers in polymers has the advantage that 
it is possible to bring about improvement In, for example, the mechanical properties, 
especially the density, hardness, rigidity (modulus) or reduced shrinkage of the polymer. 

Using extremely small filler particles {with one dimension < 200 nm), so-called nano-scale 
fillers, mechanical properties, heat distortion temperature stability or flame retardant 
property of the polymers can be improved with a much lower concentration, typically 2 to 10 
% by weight compared to 20 to 50 % by weight with the normal micro-scale filler particles. 
Polymers containing nano-scale fillers combine favourable mechanical properties like 
strength, modulus and Impact, and show improved surface qualities like gloss, lower tool 
wear during processing and better conditions for recycling. Coatings and films comprising 
nano-scale fillers show improved stability, flame retardance, gas barrier properties and 
scratch resistance. 

Nano-scale filiers possess an extremely large surface area with high surface energy. The 
deactivation of the surface energy and the compatibilization of the nano-scale fillers with a 
polymeric substrate Is, therefore, even more important than with a common micro-scale filler 
in order to avoid aggregation during processing or conversion of the filled polymer and to 
reach an excellent dispersion of the nano-scaled filler in the final article. 
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TTiere is a substantial recent literature on organic-inorganic nanocomposites based on clays 
or layered silicates such as montmoriltonite and synthetic polymers, Polyolefin nanocompo- 
sites have been prepared from organic modified clays. The clays used are generally 
modified with aikyl or dlalkyl ammonium ions or amines or In a few cases other onlum ions, 
like for example phosphonium Ions. The ammonium ion/amlne additives are usually 
Incorporated into the clay structure by a separate solution Intercalation step. 

These conventional organic modified clays have a number of disadvantages when used for 
the preparation of polyolefin nanocomposites. Ammonium salts are thermally unstable at 
temperatures used In polyolefin processing or may be otherwise reactive under processing 
conditions. These instabilities result In poor processing stability, Inferior mechanical proper- 
ties, discoloration, odor formation and reduced long-term stability in addition to the formation 
of volatile by-products. 

In order to improve the polyolefin nanocomposlte formation by melt processing the use of an 
additional compatibllizer has been proposed, most often a malelo anhydride grafted polypro- 
pylene, which In working examples Is present as a major component of the final product. 

M. Kawasumi et a!., Macromolecules 1997, 30, 6333 - 6338 or U.S. 5,973,053 disclose that 
a polypropylene nanocomposite Is obtained when a clay, premodifled with octadecylammo- 
nlum salts, Is compounded with polypropylene In the presence of polyolefin oligomers conta- 
ining polar functionality, for example maleic anhydride grafted polypropylene. 

Although compati bilkers can improve the stability of nanocomposites mainly with regard to 
avoiding agglomeration of the filler, the other weaknesses of the nanocomposites are not 
Improved. 

It has now been found that Improved synthetic polymer materials With better long term ther- 
mostability and with reduced odor and reduced undeslred discoloration which occurs as a 
result of the decomposition of the modification agents, can be prepared by the use of a dis- 
persing agent prepared by controlled free radical polymerization. 
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The present Invention therefore provides a composition comprising 

a) a synthetic polymer, 

b) a filler, and 

c) a dispersing agent prepared by controlled free radical polymerization (CFRP). 
Preferably, component (b) Is a filter in nanopartlcles. 

Of interest are also compositions comprising as component (b) a filter in nanopartlcles or a 
materia] which produces a filler in nanopartlcles under processing conditions. 

Component (c) is suitable for Intercalating and exfoliating a filler and dispersing the filler in a 
synthetic polymer matrix, especially a thermoplastic polymer, to form a nanocomposKe 
material. 

Examples of such synthetic polymers are: 

1. Polymers of monoolefins and dioleflns, for example polypropylene, polyisobutylene, po- 
ly(but-l-ene), po!y(4-methyipent-1-ene), poly(vlnylcyclohexane), polylsoprene or polybuta- 
diene, as well as polymers of cyclooleflns, for instance of cyctopentene or norbornene, poly- 
ethylene (which optionally can bB crossllnked), for example high density polyethylene 
(HDPE), high density and high molecular weight polyethylene (HDPE-HMW), high density 
and ultrahigh molecular weight polyethylene (HDPE-UHMW), medium density polyethylene 
(MDPE), low density polyethylene (LDPE), linear low density polyethylene (LLDPE), 
(VLDPE) and (ULDPE). 

Polyoleflns, I.e. the polymers of monoolefins exemplified in the preceding paragraph, prefe- 
rably polyethylene and polypropylene, can be prepared by different, and especially by the 
following, methods: 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally contains one or more than 
one metal of groups lVb, Vb, Vlb or VIII of the Periodic Table. These metals usually 
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have one or. more than one Ilgand, typically oxides, halldes, alcoholates, esters, 
sthers, amines, alkyls, alkenyls and/or aryls that may be either Ttr or a-coordinated. 
These metal complexes may be tn the free form or fixed on substrates, typically on 
activated magnesium chloride, titantum(lll) chloride, alumina or silicon oxide. These 
catalysts may be soluble or Insoluble In the polymerisation medium. The catalysts 
can be used by themselves in the polymerisation or further activators may be used, 
typically metal alkyls, metal hydrides, metal alkyl halldes, metal alkyi oxides or me- 
tal alkyloxanes, said metals being elements of groups la, Ha and/or Ilia of the Pe- 
riodic Table. The activators may be modified conveniently with further ester, ether, 
amine or silyl ether groups. These catalyst systems are usually termed Phillips, 
Standard Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site 
catalysts (SSC). 

2. Mixtures of the polymers mentioned under 1), for example mixtures of polypropylene with 
polylsobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/LDPE) and 
mixtures of different types of polyethylene (for example LDPE/HDPE), 

3. Copolymers of monoolefins and dlolefins with each other or with other vinyl monomers, 
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and 
mixtures thereof with low density polyethylene (LDPE), propylene/but-1-ene copolymers, 
propylene/lsobutylene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copo- 
lymers, ethyiene/mefhylpentene copolymers, ethylene/heptene copolymers, ethylene/octene 
copolymers, etbylene/vinylcyclohexane copolymers, elhylene/cyclooiefin copolymers (e.g. 
ethylene/norbornene like COC), ethylene/1 -olefins copolymers, where the 1 -olefin is gene- 
rated in-situ; propylene/butadlene copolymers, Isobutylene/isoprene copolymers, 
ethylene/vlnylcyclohexene copolymers, ethylene/alky! acrylate copolymers, ethylene/alkyl 
methacrylate copolymers, elhylene/vlnyl acetate copolymers or ethylene/acrylic acid 
copolymers and their salts (lonomers) as well as terpolymers of ethylene with propylene and 
a diene such as hexadiene, dicyclopentadiene or ethyltdene-norbornene; and mixtures of 
such copolymers with one another and with polymers mentioned In 1) above, for example 
polypropylene/ethylene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers 
(EVA), LDPE/athylene-acrylic acid copolymers (EAA), LLDPE/EVA, LLDPE/EAA and 
alternating or random poiyallwlene/carbon monoxide copolymers and mixtures thereof with 
other polymers, for example polyamides. 
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4. Hydrocarbon resins {for example C r C 8 ) including hydragenated modifications thereof 
(e.g. tackifiers) and mbdures of polyalkyfenes and starch. 

Homopolymers and copolymers from 1.) - 4.) may have any stereostructure including 
syndiotactlc, Isotactlc, hetarotactlc or atactic. Stereoblock polymers are also Included. 

5. Polystyrene, poly(p-methylstyrene), poly(a-methy!styrene). 

6. Aromatic homopolymers and copolymers derived from vinyl aromatic monomers including 
styrene, omethylstyrene, all Isomers of vinyl toluene, especially p-vlnyltoluene, all Isomers 
of ethylstyrene, propylstyrene, vinyl biphenyt, vlnylnaphthalene, and vinylanthracene, and 
mixtures thereof. Homopolymers and copolymers may have any stereostructure Including 
syndiotactlc, Isotactlc, heterotactlc or atactic; where atactic polymers are preferred. 
Stereoblock polymers are also included. 

6a. Copolymers Including aforementioned vinyl aromatlo monomers and comonomers 
selected from ethylene, propylene, dlenas, nitrites, acids, mateio anhydrides, malelmides, 
vinyl acetate and vinyl chloride or acrylic derivatives and mixtures thereof, for example 
styrene/butadlene, styrene/acrylonitrile, styrene/etnylene (Interpolymers), styrene/alkyl 
methacrylate, styrene/bufadiene/alkyl acrylate, styrene/butadiene/alkyl methacrylate, 
styrene/maleic anhydride, styrene/acrylonltrlle/methyl acrylate; mixtures of high impact 
strength of styrene copolymers and another polymer, for example a polyacrylate, a dtene 
polymer or an ethylene/propylene/dlene terpolymer; and block copolymers of styrene such 
as styrene/butadlene/styrene, styrene/isoprene/styrene, styrene/ethylene/butylene/styrene 
orstyrene/athylene/propylene/styrene. 

6b. Hydragenated aromatic polymers derived from hydrogenation of polymers mentioned 
under 8.), especially including polycyclohexylethylene <PCHE) prepared by hydrogenating 
atactic polystyrene, often referred to as polyvinylcyclohexane (PVCH). 

6c. Hydragenated aromatic polymers derived from hydrogenation of polymers mentioned 
under 6a.). 
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Homopolymers and copolymers may have any stereostructure Including syndiotactic, Isotac- 
tlc, hemi-isotactfc or atactic; where atactic polymers are preferred. Stereoblock polymers are 
also included. 

7. Graft copolymers of vinyl aromatic monomers such as styrene or etrmethylsfyrene, for 
example styrene on polybutadlene, styrene on polybutadlene-styrene or polybutadiene-acry- 
lonltrile copolymers; styrene and acrylonitrile (or methacrylonitrile) on polybutadlene; 
styrene, acrylonitrile and methyl methacrylate on polybutadlene; styrene and malelc 
anhydride on polybutadlene; styrene, acrylonitrile and malelc anhydride or maleimlde on 
polybutadlene; styrene and maleimlde on polybutadlene; styrene and alky! acrylates or 
methacrylates on polybutadlene; styrene and acrylonitrile on ethylene/propylene/diene 
terpolymers; styrene and acrylonitrile on poly(atkyl acrylates) or poly(alkyl methacrylates), 
styrene and acrylonitrile on acrylate/butadiene copolymors, as well as mixtures thereof with 
the copolymers listed under 6), for example the copolymer mixtures known as ABS, MBS, 
ASA or AES polymers, 

8. Halogen-containing polymers such as polychtoroprene, chlorinated rubbers, chlorinated 
and bromlnated copolymer of isobutylene-isoprene (halobutyl rubber), chlorinated or sulfo- 
chlorinated polyethylene, copolymers of ethylene and chlorinated ethylene, eplchlorohydrin 
homo- and copolymers, especially polymers of halogen-containing vinyl compounds, for 
example polyvinyl chloride), polyfvlnylidene chloride), polyvinyl fluoride), polyvinyl Idene 
fluoride), as well as copolymers thereof such as viny! chloride/vinyl Idene chloride, vinyl chlo- 
ride/vinyl acetate or vlnylidene chloride/vinyl acetate copolymers. 

9. Polymers derived from ^-unsaturated acids and derivatives thereof such as polyacry- 
fates and polymethacrylates; polymethyl methacrylates, polyacrylamides and polyacrylonl- 
trlles, which can be Impact-modified with butyl acrylate. 

1 0. Copolymers of the monomers mentioned under 9) with each other or with other unsatu- 
rated monomers, for example acrylonitrile/ butadiene copolymers, acrylonltrile/alkyl acrylate 
copolymers, acrylonitrlle/alkoxyalkyl acrylate or acrylonitrlie/vinyl hallde copolymers or acry- 
lonitrile/ alkyi methacrylate/butadlene terpolymers. 
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11. Polymers derived from unsaturated alcohols and amines or the acyi derivatives or ace- 
tats and their hydrolysis products, for example po!y(vinyl alcohol), polyvinyl acetate), poly- 
vinyl stearate), polyvinyl benzoate), polyvinyl mateate), polyvinyl bulyral), poly(allyl phtha- 
late) or poly(allyl melamlne); as well as their copolymers with olefins mentioned In 1) above. 

12. Homopolymers and copolymers of cyclic ethers such as poly(alkylen B glycols), poly- 
ethylene oxide), polypropylene oxide) or copolymers thereof with bisglycldyl ethers. 

13. Polyacetals such as polyoxymethytene and those polyoxy methylenes which contain 
ethylene oxide as a comonomer; polyacetals modified with thermoplastic polyurethanes, 
acryiatesor MBS. 

14. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene 
polymers or polyamldes. 

15. Polyurethanes derived from hydroxyl-termlnated polyethers, polyesters or polybutadi- 
enes on the one hand and aliphatic or aromatic polyisocyanates on the other, as well as 
precursors thereof. 

16. Polyamldes and copolyamldes derived from diamines and dlcarboxylic acids and/or 
from aminocarboxylic acids or the corresponding lactams, for example poiyamtdB 4, 
polyamlde 6, polyamlde 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11, polyamlde 12, 
aromatic polyamldes starting from m-xylene diamine and adlpic acid; polyamldes prepared 
from hexamethylenedlamlne and isophthaiic or/and terephthalic acid and with or without an 
elastomer as modifier, for example poIy-2,4,4,-trimethylhexamethyIene terephthaiamida or 
poly-m-phenylene isophthaiamide; and also block copolymers of the aforementioned 
polyamldes with polyoleflns, olefin copolymers, ionomers or chemically bonded or grafted 
elastomers; or with polyethers, e.g. with polyethylene glycol, polypropylene glycol or 
polyleiramethyiene glycol; as well as polyamldes or copolyamldes modified with EPDM or 
ABS; and polyamides condensed during processing {RIM polyamlde systems). 

17. Polyureas, p°lyimldes, polyamlde-imides, polyetherimids, poiyesterimids, 
polyhydantolns and polybenzlmldazoies. 



WO 2004/078785 



PCT/EP2004/050183 



-8- 



18. Polyesters derived from dlcarboxylfe acids and diols and/or from hydroxycarboxyllo 
acids or the corresponding lactones, for example polyethylene terephthalate, polybutylene 
terephthalate, poly-1 ,4-dlmethylo!cyctohexane terephthalate, polyalkylene naphthalate 
(PAN) and potyhydroxybenzoates, as well as block copolyether esters derived from 
hydroxyl-terminated polyethers; and also polyesters modified with polycarbonates or MBS. 

19. Polycarbonates and polyester carbonates. 

20. Polyketones. 

21. Polysulfones, polyether sulfones and polyether ketones. 

22. Crosslinked polymers derived from aldehydes on the one hand and phenols, ureas and 
melamlnes on the other hand, such as phenol/formaldehyde resins, urea/formaldehyde re- 
sins and metamtne/formaldehyds resins. 

23. Drying and non-drying alkyd resins. 

24. Unsaturated polyester resins derived from copolyosters of saturated and unsaturated 
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinklng agents, and 
also halogen-containing modifications thereof of lowflammablllty. 

25. Crosslinkable acrylic resins derived from substituted acrylates, for example epoxy acry- 
lates, urethane acrylates or polyester acrylates. 

26. Alkyd resins, polyester resins and acrylate resins crosslinked with metamlne resins, 
urea resins, isocyanates, Isocyanurates, polyisocyanates or epoxy resins, 

27. Crosslinked epoxy resins derived from aliphatic, cydoaliphatic, heterocyclic or aromatic 
glycidyl compounds, e.g. products of diglyoldyl ethers of blsphenol A and blsphenol F, which 
are crosslinked with customary hardeners such as anhydrides or amines, with or without 
accelerators. 
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28. Blends of the aforementioned polymers {polyblends). for example PP/EPDM, Poly- 
amide/EPDM or ABS, PVC/EVA. PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, 
PC/PBT, PVC/CPE, PVC/acrylates, POM/thermoplasfic PUR, PC/thermoplastic PUR, 
ROM/acrylate, POM/MBS, PPO/H1PS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP, 
PA/PPO, PBT/PG/ABS or PBT/PET/PC. 

The synthetic polymers to be protected are preferably thermoplastic polymers, especially 
polyofeffns, polystyrenes, polyamides, polyesters, polyacryJates, most preferably polyoleflns, 
In particular polyethylene and polypropylene or copolymers thereof with mono- and diolefins. 

Preferred fillers are for example natural or synthetic phylioslllcates or a mixture of such phyl- 
losilicates. 

Of Interest are compositions wherein component <b) Is a natural or synthetic phyllosillcate or 
a mixture of such phylioslllcates wherein component (b) can be modified or unmodified by a 
modification agent such as, for example, an ammoium, an amine or a phosphonlum com- 
pound. 

Fillers of special Interest are for example layered silicate ciays. Of very special interest are 
compositions comprising as component (b) a montmorillonite, bentonite, beidelite, mica, 
hectorite, saponlte, nontronlte, sauconite, vermlculite, ledikite, magadlte, kenyalte, steven- 
slte, volkonskolte, hydrotatcrte or a mixture thereof. 

Component (b) can be unmodified or modified by a modification agent such as, for example, 
an ammonium, an amine or a phosphonlum compound. 

Examples of modification agents for nano-clays are for example: 

1. Amlna and ammonium compounds, for example, distearyidimethylammonium chloride, 
stearylbenzyldimethylammonium chloride, stearylamlne, stearyldlethoxyamlne or 
amlnododecanoio acid [commercially available as Nanofli (RTM) from Stldchemie, 
Germany]; dimethyl dltaltow ammonium, trloctylmethyl ammonium, 
dipolyoxyethylenealltylmethyi ammonium or polyoxypropylenemetbyldiethyl ammonium 
{commercially available as modified Somaslf (RTM) from CO-OP Chemlcaij; 
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octadecylamine, triethoxysllanyl-propylamlne [commercially available as Nanomer (RTM) 
from Nanocor], polyalkoxylated ammonium compounds such as for example octadecyl 
bIs(po!yoxyafhy!ene[l5]amine [Ethomeen (RTM) firam Eastmanl -or octadecyl methyl 
bis(polyoxyethylene[15]ammonlum chloride [Etoquad (RTM) from Eastman] or just the 
corresponding free amines. 

2, Phna phnnmm compounds, for example tetrabutylphosphonium or octadecyl triphenyl 
phosphonlum [commercially available from Eastman], 

3. Others, for example, trlethoxy octyi silane [commercially available as Nanomer (RTM) 
from Nanocor], ammonium, sulfonlum or pyridlum compounds as disclosed for example in 
WO-A-01/04O50 or WO-A-99/67790 ; block graft copolymers such as for example PEO-b- 
PS or poly-4-vlnylpyridine-b-PS; or solvents for swelling such as for example y- 
bulyrolactone, 2-pyrrolidono, dimethylsulfoxide, diglyme, tetrahydrofuran or furfuryt alcohol. 

Compositions which are of interest Include those comprising as component (o) a random, 
block, star or comb copolymer prepared by controlled free radical polymerization. 

Such dispersing agents prepared by controlled free radical polymerization are known. Their 
preparation is disclosed for example In C. Auschra et a!., Progress in Organic Coatings 45, 
83 - 93(2002). 

The preparation of the dispersing agents by controlled free radical polymerization (CFRP) 
can preferally occur by four suitable routes: 

a1) Polymerization in the presence of alkoxyamine initiator/regulator compounds; 

a2) Polymerization In the presence of a stable nlfroxyl free radical and a radical Initiator 
(source of free radicals); 

a3) Polymerization under atom transfer radical polymerization (ATRP); or 

a4) RAFT polymerization which refers to a method of polymer synthesis by radical poly- 
merization using chain transfer agents which react by reversible addition - fragmen- 
tation chain transfer. 
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For example U.S. 4,5B1,429 or EP-A-G 621 878 discloses Uie preparation of block copoly- 
mers by method a1). 

For example EP-A-0 621 878 discloses the preparation of block copolymers by method a2). 

For example WO-A-01/51534 discloses the preparation of comb copolymers by the ATRP 
method a3). 

For example WO-A-99/31 144 discloses the preparation of block copolymers by method a4), 

Preferred chain transfer agents include thlocarbonylthio chain transfer agents of formulae I, 
II and III, and macromonomers of formula IV and a combination thereof, 



s=c N 



(IV) 



wherein R, R' and P are free radical leaving groups; and wherein, 

R is selected from the group consisting of unsubstituted or substituted Ci-Ci 6 alkyl, unsubsti- 
tuted or substituted C 8 -C 15 alkenyl, unsubstituted or substituted C r Ci a alkynyl, unsubstituted 
or substituted saturated carbocycllc ring, unsubstituted or substituted unsaturated 
carbocyclic ring, unsubstituted or substituted aromatic carbocyclio ring, unsubstituted or 
substituted saturated heterocyclic ring, unsubstituted or substituted unsaturated heterocyclic 
ring, unsubstituted or substituted aromatic heterocyclic ring, unsubstituted or substituted 
alkylthio group, and a first polymer chain having a number average degree of polymerization 
in the range of 5 to 1000; 

Z Is selected from the group consisting of hydrogen, chlorine, unsubstituted or substituted 
C-Ctaalttyl, unsubstituted or substituted aiyl, unsubstituted or substituted C 3 -Ci 8 
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heterocyclic ring, unsubstituted or substituted Ci-C, 5 a!kyiU>i°. SR, unsubstituted or 
substituted aryithio, unsubstituted or substituted Ci-C 18 aikoxy, unsubstituted or substituted 
aryloxy, unsubstituted or substituted amino, unsubstituted or substituted Cr 
Cwalkoxycarbonyl, unsubstituted or substituted aryloxycarbonyl, carboxy, unsubstituted or 
substituted Ci-Ci a acyfoxy, unsubstituted or substituted aroyloxy, unsubstituted or substituted 
carbamoyl, cyano, C 2 -C 1s -dialkyt-phosphonato, dlaryl-phosphonato, CrC«dIalkyl- 
phosphinato, dlaryl-phosphinato and a second polymer chain having a number average 
degree of polymerization in the range of 5 to 1000; 
R 1 is an n-valent moiety derived from R; 

Z 1 is an m-valent moiety derived from a species selected from the group consisting of 
unsubstituted or substituted Ci-0« alkyl, unsubstituted or substituted aryl and a third 
polymer chain having a number average degree of polymerization in the range of 5 to 1000 
wherein the connecting moieties In said polymer chain are selected from the group 
consisting of C r Cia-aliphatic carbon, aromatic carbon, oxygen, sulfur and a combination 
thereof; 

P Is an oligomer or polymer having a number average degree of polymerization In the range 
of 2 to 1000 or said first polymer chain; 

X is selected from the group consisting of unsubstituted or substituted aryl, C,-C«- 
alkoxycarbonyl, unsubstituted or substituted aryioxycarboyl, carboxy, unsubstituted or 
substituted aryloxycarbonyl, Ct to C,« carboxy, and cyano; 
n and m are integers In the range of 1 to 6; and 

wherein the substituents for the substituted groups for R, R\ Z, Z 1 and X are independently 
selected from the group consisting of hydroxy, tertiary amino, halogen, cyano, epoxy, carb- 
oxyllc acid, alkoxy, alkyl having 1 to 32 carbon atoms, aryl, alkenyl having 2 to 32 carbon 
atoms, aikynyl having from 2 to 32 carbon atoms, saturated carbocyclic rings having 3 to 14 
carbon atoms, unsaturated carbocyclic rings having 4 to 14 carbon atoms, aromatic carbo- 
cyclic rings having 6 to 14 carbon atoms, saturated heterocyclic rings having 3 to 14 carbon 
atoms, unsaturated heterocyclic rings having 3 to 14 carbon atoms and aromatic carbocyclic 
rings having 6 to 14 carbon atoms. 

By a "polymer chain" referred to above for R, R 1 , Z, Z 1 and P is meant conventional conden- 
sation polymers, such as polyesters [for example, polycaprolactone, polyethylene tereph- 
thaiate), poly(tactic acid)], polycarbonates, poly(alkylene oxlde)s [for example, polyethylene 
oxide), polyftetramethylene oxide)], nylons, polyurethanes or chain polymers such as those 
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formed by coordination polymerization (for example polyethylene, polypropylene), radical 
polymerization (for example, poiy(meth)acrylates and polystyrenlcs, anionic polymerization 
(for example, polystyrene, polybutadiene), catfonfo polymerization (for example, polyisobuty- 
lene) and group transfer polymerization (for example, poiy(meth)acrylate3). 

The groups R, R\ Z and Z 1 are preferably chosen so as to ba appropriate for use with the 
desired monomers or monomer combination and the polymerization method as disclosed in 
WO-A-98/01478, WO-A-99/05099 and WO-A-99/31144, all of which are incorporated herein 
by reference. 

The synthesis of block copolymers by RAFT polymerization can be carried out in emulsion, 
solution or suspension in either a batch, semi-batch, continuous, or feed mode. For lowest 
polydispersify block copolymers, the RAFT agent is typically added before polymerization is 
commenced. For example, when carried out in a batch mode in solution, the reactor is typi- 
cally charged with a RAFT agent and a monomer, or a polymerization medium plus the 
monomer. Block copolymers with broader, yet controlled, polydlspersity or with multimodal 
molecular weight distribution can be produced by controlled addition of thB RAFT agent over 
the course of the polymerization process. 

In the case of emulsion or suspension polymerization, the polymerization medium will often 
be predominantly water and the conventional stabilizers, dlspersants and other additives 
can be present. 

For solution polymerization, the polymerization medium can be chosen from a wide range of 
media to suit the monomer(s) being used. For example, aromatic hydrocarbons, such as, 
petroleum naphtha or xylenes; ketones, such as, methyl amyl ketone, methyl Isobutyl 
ketone, methyl ethyl ketone or acetone; esters, such as, butyl acetate or hexyl acetate; and 
glycol ether esters, such as, propylene glycol monomethyl ether acetate. 

The use of feed polymerization conditions allows the use of RAFT agents with lower chain 
transfer constants and allows the synthesis of block copolymers that are not readily 
achieved using batch polymerization processes. If the RAFT polymerization is carried out as 
a feed system, the reaction can be carried out as follows: 
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The reactor is charged with the chosen polymerization medium, the RAFT agent and optio- 
nally a portion of the monomer mixture. Into a separate vessel Is placed the remaining 
monomer mixture. The tree radical Initiator is dissolved or suspended in polymerization 
medium In another separate vessel. The medium in the reactor Is heated and stirred while 
the monomer mixture plus the medium and the initiator plus the medium, Is introduced, for 
example by a syringe pump or other pumping device. The rate and duration of feed is 
largely determined by the quantity of the solution, the desired monomer/RAFT agent/Initiator 
ratio and the rate of the polymerization. When the feed Is complete, heating may be 
continued for an additional period. 

Following completion of the polymerization, the block copolymer can be Isolated by stripping 
off the medium and uoreacted monomerfs) or by precipitation with a non-solvent. Alterna- 
tively, the polymer solution/emulsion can be used as such, If appropriate to its application. 

Block and multi-block and gradient copolymers may be prepared by varying the rate of 
monomer(s) addition and/or by varying the sequence in which the monomer{8) may be 
added to the polymerization medium. Gradient block may also be prepared In a one-step 
process by making use of the Inherent difference in reactivity of the monomer<s). For gra- 
dient block copolymers, it Is often desirable to pick comonomers with disparate reactivity 
ratios. For example, maieic anhydride and styrone or (meth)acrylates, 

By appropriate selection of the groups R, R 1 , Z, Z 1 , P and X of ttie RAFT chain transfer 
agent of formulae 1-1V above, block copolymers with specific end functionalities can be 
readily produced, Block copolymer may be prepared by starting with an existent polymer 
chain prepared by means other than RAFT polymerization and then modifying the end or 
other functionality such that the polymer chain is incorporated in a compound of formulae I- 
IV so as to create a macromolecular RAFT agent that can be chain extended by RAFT 
polymerization. 

The "source of free radicals" or "initiator* suitable for use In the present invention includes 
those compounds that provide Initiating radicals that add to monomers to produce propa- 
gating radicals. 
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The amount of iniUator used depends upon the desired polydlspersity, molecular weight and 
polymer structure of the resulting polymer. However, generally less than to weight percent 
based on the total amount of monomer mixture fe used. Preferably the amount of initiator 
used is in the range of 0.001 to 5.0 weight percent. 

The source of initiating radicals includes such sources as the thermally induced homolytlo 
scission of a suitable initiator, such as peroxides, peroxyesters, or azo compounds; the 
spontaneous generation from monomer, such as styrene; redox initiating systems; 
photochemical initiating systems or high energy radiation source, such as electron beam, X- 
or Y-radiation or a combination of these methods, The Initiating system is chosen such that 
under the reaction conditions there Is substantially no adverse interaction of the initiator or 
the Initiating radicals with the RAFT agent under the reaction conditions. The initiator should 
also have the requisite solubility In the reaction medium or the monomer mixture. 

Examples of suitable sources of free radicals for the process Include azo compounds and 
peroxides such as for example ^'-azoblsfisobutyronltole), 2,2'-azobis(2-oyano-2-butane) ) 
dimethyl 2 ( 2'*azobis(methyl isobutyrate), 4,4'-azobls<4-cyanopentanoic aoid), 4,4'-azobis(4- 
cyanopentan-1-ol), 1,1'-azobls(cyclohexanecarbonMe), 2-(t-bufylazo)-2-cyanopropane 1 
2,2 , -azobisl2-methyl-N-(1,1)-bis{hydoxymethyl)-2-hydroxyethyl] propionamide, 2,2'-azobis[2- 
methyl-N-hydroxyethyl)]-propionamide, 2 1 2 , -azobis(N,N'-dimethylenefsobutyramid[ne) di- 
hydrochloride, 2.2'-azobis(2-amld!nopropanG) dihydroohlortcte, 2,2'-azobis{N 1 N'-dimethy]ene- 
isobutyramlne), 2,2 , -azobIs(2-methyl-N-[1 ,1-bis{hydroxymethyl)-2-hydroxyethyl] propion- 
amide). 2,2'-azobis(2-methyl-N-t1,1-bis(hydroxymethyl) Bthyll propionamide), 2,2'-azobls[2- 
methyl-N-{2-hydroxyethyl) propionamide], 2,2'-azobfe(isobutyramide} dihydrate, 2,2'-azobIs- 
(2,2,4-trimethyipentane), 2,2'-azobis(2-methylpropane), tert-butyl peroxyacetate, tert-bulyl 
peroxybenzoate, t-butyl peroxyoctoate, tert-butyl peroxyneodecanoate, tert-bulylperoxy 
isobuiyrate, tert-amyl peroxyplvalate, tert-butyl peroxyplvaiate, di-lsopropyl peroxydicarbo- 
nate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl peroxide, dilauroyl per- 
oxide, potassium peroxydisulfate, ammonium peroxydisuifate, di-t-butyt hyponltrite, or dicu- 
myl hyponitrite. 

Photochemical initiator systems are chosen to have the requisite solubility in the reaction 
medium or monomer mixture and have an appropriate quantum yield for radical production 
under the conditions of the polymerization. Examples Include benzoin derivatives, 
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benzophenons, acyl phosphine oxides, and photo-redox systems. Free radicals may also be 
derived by direct photolysis of the compound of formula l-llf. 

Redox initiator systems are chosen to have the requisite solubility In the reaction medium or 
monomer mixture and have an appropriate rats of radical production under the conditions of 
the polymerization; these initiating systems can include combinations of the following oxi- 
dants and reductants: Oxidants: potassium peroxydlsulfate, hydrogen peroxide, and tert- 
bulyl hydroperoxide. Reductants: Iron (II). titanium (III), potassium thlosulfite, and potassium 
bisulfite. 

Other suitable initiating systems are described in recent texts. See, for example, Moad and 
Solomon 'The Chemistry of Free Radical Polymerization", Pergamon, London, 1995, pp 53- 
95. 

Compositions which are of Interest Include those comprising as component (c) a block or 
comb copolymer having at least one clay compatible block and at least one matrix polymer 
compatible block prepared by controlled free radical polymerization. 

Preferably, a clay compatible block isbased on hydrophtlic or "ctayophilic" monomers which 



], nitrile, anhydride, hydroxy, amine, pyridine, ammonium and phosphonlum 



appropriate proximity. 

Preferred hydrophilic or "clayophilic" monomers are for example PEO acrylate, 1-vlnyI-2-pyr- 
rolldlnone, N.N-dlmethyl acrylamlde, acrylonitrile, malelc anhydride, hydroxyethyi acrylate, 
hydroxypropyl acrylate, tert-bulyl ohydroxymethacrylate, N.N'-dimethylamlnoethyi acrylate, 
4-vtnylbenzyldihydroxyethylamine, 4-vinylpyridine or 4-vinylbenzyttfibutylphosphonlum chlo- 



contaln polar groups such as for example ether [-0-J, amide [ 





ride. 
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The molecular weight of the acrylic copolymer is preferably befcveen 1000 and 100000 and 
the potydlspersity between 1.05 and 3.0. More preferably the molecular weight is between 
2000 and 20000 and the polydispersity is between 1 .05 and 2.0. 

Copolymers of the above polymers with other monomers may also be used. 

The polar (hydmphlllc} or "clayophlllc" segments may also be derived from a polar conden- 
sation or other polymers such as for example polyethylene oxide). 

Preference Is given therefore to compositions comprising as component (c) a block or comb 
acrylic copolymer prepared by controlled free radical polymerization. 

The block or comb copolymers prepared by controlled free radical polymerisation can also 
be described as polymeric dispersing or soivaUng agents having amphlphilio properties. 
They have polar and nonpolar groups In the same molecule and they are, for example, 
dispersing or solvatlng agents based on polyethylene glycols (PEG), polyacrylates, 
polyslioxanes, polyvinyl acetate or on block copolymers containing at least one block 
copolymer based on acrylate, acrylic acid or methacrylate. 

Block copolymers are, for example, dlblock copolymers (A-B type) or friblock copolymers 
(A-B-A or A-B-C type) and so-called tapered structures. 

Dlblock copolymers {A-B type) are, for example, poly(styrene-b-methy!methacrylate), poly- 
(styrene-b-tert-butylmethacrylate), polyfstyrene-b-methylacrylate), poly(styrene-b-n-butyl- 
acrylate), poWstyrene-b-tert-butylacrylate), poly(styrene-b-butad!ene), poIy(styrene-b.Iso- 
prenefl^additlon]), tapered block copolymer poly( S tyrene-b-buladiene). tapered block 
copolymer poly(styrene-b-ethylene), poly(stvTene-b-2-vinylpyridine), poly(slyrene-b4-vinyl. 
pyridine), polyfstyrene-bts-tert-butylstyrene), P oly(styrene-b-dimeth y isitoxane), 
poMbutadiene-b^imethylsiloxane), P oly{butadIene[1,4-addition]-b.m e th y lmethacrylat9), 
poMisoprenet^-addltlonl-b-rnathylmethacrylate), polytbutadlene-b-tert-butylmethacryiate), 
polytbutadlene-b-tert-butyiacrylate), poly{lsoprene-b-2-vi n ylpyr!dlne), poly(butadIene-b-4- 
vinylpyridlne), poty(styrene-b-methy! methacrylate), poly(methyl methacrylate-b-tert-butyl 
methacrylate), poIy(methy! methacrylate-b-tert-butyl acrylate), P oly(tert-buty] acrylate-b- 
methyl methacrylate), polyCn-butylacrylate-b-methylmethacrylate), P oly(2- V lnylpyrid!ne-b- 
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methyl methacrylate), poly(tert-butyl methacrylate-b-terMiutyl acrylate), poly(tert-butyl 
methacrylate-b-2-vinylpyridlne), poly(tert-butyl methacrylate-b-4-vinytpyridine), poly(tert-buly! 
acrylate-b-2-vinylpyridine), po!y(2-vinylpyridine-b-4-vlnylpyridlnB), -po!y(ethyiene-b-methyl 
methacrylate), poiy(ethyIene-b-2-vinylpyridlne) or poly(ethyfene-b-4-vinylpyridlne), 

Tribtock copolymers of the A-B-A type are, far example, poly(methyl methacrylate-b-styrene- 
b-methyl methacryfate), poly(tert-butyl methacrylate-b-styrene-b-tert-butyl methacrylate), 
polyttert-'bubylacrylate-b-styrene-b-tert-butylacrylate), poly(2-viny!pyrIdlne-b-styrene-b-tert- 
butyl acrylate), poIy{4-vinylpyrldlne-b-styrene-b-4-vinytpyridlne) 1 poly(butadlene[1,2- 
additton]-b-slyrQne-b-butadienBr.1,2-addit!on]), poly(butadlene[1,4-addfttonI-l).styrene-b- 
butadlene[1,4-additlon]), poly{styrene-b-butadiene[1 ,4- and 1 ,2-addltlon]-b-styrene), 
poly(methyl methacrytate-b-butadienefl^-or 1,2-addiHonJ-b-methyI methacrylate), poly(tert- 
butyl methacrylate-b-methyl methacfylate-b-tert-butyl methacrylate), poly(fert-buty) acrylate- 
b-methyl methacrylate-b-tert-butyl acrylate), poly(methyl methacrylate-b-2-vinylpyrldine-b- 
methyl methacrylate), poty(4-v!nylpyridlne-b-methyl methacrylate-b-4-vinylpyrldine), 
polytmethyl methacrylate-b-tert-butyl acrylate-b-rriBthyl methacrylate), poly(methyi 
methacryiate-b-n-butyl acrylate-b-methyl methacrylate), poly(tert-butyl methacrylate-b-tert- 
butyl acrytate-b-tert-butyl methacrylate), poly(2-vinylpyridlne-b-tert-butyl acrylate-b-2- 
vlnylpyrldlne), paty(4-vlnylpyridlne-b-terl-butyl acrylate-b-4-vlnylpyridine), poly(slyrene-b-n- 
butyl acrylate-b-styrene), po1y(styrene-b-othyl acry!ate-b-sryrene), po!y{styrene-b-ethyiene-b- 
styrene), poIy(styrene-b-butylene-b-styrene), polyethylene ox!de-b-styrene-b-ethylene 
oxide), poly(styrene-b-ethylene oxide-b-styrene) or poly(styrene-b-acrylic acid-b-styrene). 

Triblock copolymers of the A-B-C type are, for example, poly{styrene-b-butadlene-b-2-vinyI- 
pyridlne), poly(styrene-b-butadlene-b-4-vinylpyrldtne), polystyrene -b-tert-butyl methacrylate- 
b-2-vinylpyridine), poly{styrene-b-tert-butylmethacry!ate-b-4-vinyIpyrldine), poty{styrene-b-2- 
vlnyipyrldine-b-4-vlnylpyr!dlne), poly(butadiene-b-styrene-b-methyl methacrylate), poly{sty- 
rene-b-butadlene-b-methyt methacrylate). poly(styrene-b-2-vinylpyridlne-b-ethyl oxide), poly- 
(styrene-b-tert-bulyl acryfate-b-melhyl methacrylate), poly(styrene-b-acrylic acld-b-methyl 
methacrylate), poly(styrene-b-a-methylstyrene-b-methyl methacrylate) or poly(styrene-b-a- 
methylstyrene-b-tert-butyl acrylate). 

• Particularly suitable dispersing or soivatlng agents having amphophilic properties are, for 
example, poty(butadtene-b-methyl methacrylate), poly(isoprene-b-methylmothacrylate), poly- 
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(ethylene-b-methyi methacrylafe), poly(styrene-b-4-vinylpyridlne), poly(styrene-2-b-vinylpyri- 
dine), po!y(styrene-b-n-butyl acrylate), po!y<styrene-b-terM)Utyl acrylate), poly(styrene-b- 
sodium acrylate), poly(sivrene-b-acrylic acid), poly{mefhy) methacryjate-b-sodtum acrylate), 
po!y(methyl methacrylate-b-sodlum methaerylate), polyethylene oxide -b-e-caprotactone), 
po!y(2-vinylpyridine-b-ethytene oxide). poly(butadlene-b.ethylene oxide), poly(butadiene-b- 
sodlum acrylate), poly(ethy!ene-b-etr.ylena oxide), P oly(ethylene-b-propylene oxide), poly- 
(styrene-b-ethylaoylate-b-styrene), polyethylene oxide-b-styrene-b-ethylene oxide), poly- 
(styrene-b-acryllc acid-styrene), P oly(styrens-b-butadiene-b-methyi mathacryiate), poiy(sty- 
rene-b-vlnylpyrldlne-b-ethylene oxide), P oly(styrene-tHt-vinylbenzoio acid), poly(styrenB-b- 
poiyglycidyl-methacrylate), poly(ethylene-b-glycldyl methacrylate), poly(propylene-b-acrylic 
acid), poly<ethylene-b-acryllc acid), poly(pfopyien8-b-maleic anhydride), poly(ethylene-b- 
malelc anhydride), P oly(styrene-b-malelc anhydride), poly(methacrylic acid)-poly(alkyiene 
oxide) block copolymers, for example according to EP-A-0 859 028, polysiloxane-potyoxy- 
alkylena, copolymers of maieates and styrene or styrene derivatives, for example according 
to EP-A-0 791 024, potystyrene-polysiloxane block copolymers, polyacrylate-polyslioxane 
block copolymers and cyciosiloxane-radiale copolymers, prepared e.g. using ATRP techno- 
logy according to EP-A-0 870 774, methylacrylate-styrene copolymer, methylmethacrylate- 
styrene, polybutadlene-methylacrylates. prepared by nitroxyl-inltiated radical polymerisation 
according to EP-A-0 1 35 260. 

■Hie polyalkylene oxides are preferably polyethylene oxide, polypropylene oxide and poly 
butylene oxide. 

Suitable block copolymers are, for example, polyacryiate/polystyrene, 
polymethacryiate/polyethylene oxide, polyacrylate/polyethylene oxide, 
polyacryiate/polyethylene, polyvinyl acetate/ polyethylene, polystyrene/polybutadlene, 
polyacrylate/polybutadiene, polyacrylate/poiylsoprene, 
polytsoprene/polymethyimethacrylate, polyethylene/polymethylmethacrylate. polyethy- 
lene/polyethylene oxide or polyethylene/polypropylene oxide. 

Particularly suitable dispersing or solvating agents having amphlphilic properties are, for 
example, poly(s£yrene-bis-sodium acryiate), poly{styrene-bls-acryiio acid), poly<styren B -b1s- 
sodiummethacryiate), po!y(styrene-bis-N-methyl-4-vtnyIpyridlnlum Iodide), poly(isoprene-bis- 
M-methyl-2-vinylpyridinium Iodide), p 0 |y(styrene-bis-ethylene oxide), poly(methylmethacry- 
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- late-bis-sodlum acrylate), poIy(methyImethacrytate-bis-sodium methacrylate), poly(methyi- 
methacrylate-bis-ethylene oxide), poly(tert-butvlmethacrylate-bis-8thylene oxide), poly- 
{methylmethacrylate-bis-N-methyM-vlnylpyrtdlnium iodide), polyethylene oxide-bls-ladate), 
poly{2-vinylpyridine-bis-ethylene oxide), po!y{butadiene-bIs-sodium acrylafe), 
poly(butadlene-bis-sodium methacryiate), poty(butadiene-bis-N-methy!^vinyIpyridlnium 
iodide), poly(butadiene-bis-ethylene oxide), poIy(ethyIene-bis-ethylene oxide) or 
poly{ethytene-bis- propylene oxide). 

Other likewise preferred dispersing or solvating agents based on polyacrylates are de- 
scribed, inter alia, in U.S. 5,133,898. 

Preferably, component (b) is present in the composition in an amount of from 0.1 to 40 %, 
more preferably 0.5 to 20 %, most preferably from 1 to 10 %, based on the weight of the 
synthetic polymer [component (a)]. 

Preferably, component (o) is present in the composition in an amount of from 0.1 to 20 %, 
more preferably 0.1 to 15 %, most preferably from 0.1 to 10 %, based on the weight of the 
synthetic polymer [component (a)]. 

In addition to components (a), <b) and (c)the novel compositions may comprise further addi- 
tives, such as, for example, the following: 

1. Antioxidants 

l.l. Alkylated monoohenols. for example 2.6-dl-tert-butyM-methylphenol, 2-butyK6-di- 
methylphenol, 2,6-dI-tert-butyW-eihylphenol, 2,6-dMert-butyi-4-n-butylphenol, 2,6-dl-tert- 
buty!4-isobutyIphenol, 2,6-dicydopentyl-4-methylphenol, 2-(a.methyIcydohexyl)^.6-di- 
methytphenol, 2,6-dloctadecyM-methylphenol. 2.4,6-tricycIohexylphenol, 2,6-di-tert-butyM- 
methoxymethylphenol, linear nonylphenols.or nonylphenols branched in the side-chain, e.g. 
2,6-dlnonyM-methylphenoi, 2,4^limethyl-6-<1 , -methvlundec-1'-vl)-phenol, 2 > 4-dimethyl-6-(f- 
methyIheptadec-1'-yl)-phenol, 2,4-dimethyt-6-(1 I HT.efhyltrldsc-1"-yl)-pheno! and mixtures 
thereof. 
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i 9 Aikvlthlnmethvlohenols . for eKample ^-dtocJylttiiomethyl-S-tert-butylphenol, 2,4-dioclyl- 
thiomethyl-6-methylphenol, 2,4-dtorfylthlomethyl^thyIphenol, 2,6-didodeoylth!omethyl-4- 



phenol, 2,5-dl-tert-butylhydroquInone, 2.5-dkert-amylhydroqulnone, 2,6-dtphanyl-4-octa- 
decyioxyphenol, 2.6-di-tert-butylhydroquinone, ^Mert-butyM-hydroxyantsole, 3,5-dl-tert- 
butyM-hydroxyantsole, 3,5-dWert-buty!-4-hydroxyphenyl stearale, bis(3,5-dl-tert-butyi4- 
hydroxyphenyl) adipafe. 

1A. Tocopherols , for example a-tocopherol, p-tocopherol, y-tocopherol, 5-tocopherol and 
mixtures thereof (Vitamin E). 



2,2 , -fhfobfs(4-octylphenol), 4,4 l -thiobls(6-tert-butyl-3-methylphenol) J 4,4'-thlobls{6-tert-butyl- 
2-methytphenol), 4 l 4'-thiobis(3,6-dl-seo-amylpr l enol), 4,4 , -b1s{2,6KlimethyM-hydroxyphenyl) 
disulfide, 

i B Alkvllrfans blsohenols, for example 2 1 2'-me!hyienebis(6-tert-buty!-4-methylphenol), 2,2'- 
methy!enebIs(6-tert-buty]-4-ethylphenol), 2,2'-m Q thylenebis[4-m8thyl-6-(*methylcyctohexyl)- 
phenol], 2,2'-methyienebis(4-methyl-6-cyc)olwxylph9nol), 2,2'-methyienebis(6-nonyM- 
methylphenol) 1 2,2'-methyIenebis{4 > 6-di-tert-buty!pheno!) 1 2 l 2'-ethylidenebls(4,6-dl-tert-butyI- 
phenol), 2 J 2'-eEhylldenebis(e-tert-buty!-Wsobutylpheno!) I 2,2^ethylenebteE6-(c*methylben- 
zylM-nonylphena!}, 2.2'-methylenebist6.(a,a-dimethylbenzyl)4-nonylphenol], 4,4'-methy- 
lenebls(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-tert-butyl-2-methy!phenol) 1 1,1-bis(5- 
tert-butyl-4-hydroxy-2-methyiphenyl)butane, 2,6-b(s(3-tert-butyl-5-methyl-2-hydroxybenzyI)- 
4-methylphenoi, 1,1,3-tris(S-tert-buty(-4-hydroxy-2-metfiylpheny!)butan9, 1,1-bls(5-terf-butyl- 
4-hydroxy-2-methyiphenyl)^-n-dodecylmercaptobutane, ethylene glycol bls[3,3-bis(3'-tert- 



methylphenyl)dicyc!opentadlene, bIsl2-(3*-tert-butyi-2'*ydroxy-5'-methylbenzy!)-6-tert-buty!- 
4-methylpheny[] terephthalate, 1,1-bfs(3,5-dlmethy(-2.hydfOxyphenyl)butan9, 2,2-bis(3,5-di- 
tert-butyi-4-hydroxypheny!)propane. 2l 2-bis{5-tert-bulyl-4-hydroxy^methylph e nyl)-4-n- 
dodecylmercaptobutane,1,1 l S,5-tetra(5-tert-butyM-hydroxy-2-mBthylphenyl)pentane. 



nonylphenol. 





butyW-hydroxyphenyl)bufyrate], 



bts(3-tert-butyl-4-hydroxy-5- 
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1.7. Q-. N-and s-benzvl compounds, for example a.e.S'.SMetra-fert-buftM^-dthydroxy- 
dibenzy! ether, octadecyl4-hydiw3.5-dtmethylbenzyl mercaptoacetate, iridecy!-4-hydroxy- 
3,S.di-tert-butylbenzyl mercaptoacetate, tris{3,5-dl-tert-bulyl-4-hydfoxyben2yl)amine, bis(4- 
tert-butyl4-hydroxy-2,6-dimethyibenzyl) dithfoterephtbalate, bls(3,5-dl-tert-buty|.4-hydroxy- 
benzyl) sulfide, isooctyl-3,5-dl-tert-butyl-4-hydroxybenzy] mercaptoacetate. 

1.8. Hvdraxvberwwlated malonates. for example dloctadecyl 2,2-bis(3,5-di-tert-butyl-2- 
hydroxybenzyl)malonate, dioctadecyl 2-(3-tert-butyl-4-hydroxy-6-methylbenzyl)malonate, 
dldodecylmercaptoethyl 2 l 2-bls(3 1 S-dHert-butyM-hydroxybenzyl)malonate, dl-[4-(1 ,1,3,3- 
tetramethylbutyOpheny^^-blstS^Hert-butyl^-hydiioxybenzyOmalonate. 

HvdroxvbenT yl aromatic compounds, for example 1,3,5-Ws<3,5-di-tert-butyl-4-hydroxy- 
b9nzyl)-2,4,6-trimethylbenzene, l^-blsia.S-di-tert-butyM-hydroxybenzylJ^.S.S.e-tetra- 
methylbenzene,2,4,6-tri3(3.5-dl-tert-butyl^-hydroxybenzyl)phenol. 

1 m Trterine compounds, for example 2,4-bisootytmercapto-6-(3,5-di-tert-butyl-4-hydroxy- 
anlllno)-1 l 3,5-trlaz!ne, 2-octylmercapto-4,e-bts(3,5-d[-tert-butyl-4-hydroxyanlllno)-1,3.5-tri- 
azine, 2-octylmercapto4,6-bls(3,5-di-tert-butyl-4-hydroxyphenoxy)-1 ,3,5-triazine, 2,4,6-tris- 
(3,5-di-tert-butyi-4-hydroxyphenoxy)-1 ,2,3-triazlne, 1 .a^-trl^.S-dl-tert-butyW-hydroxyben- 
zyl) isocyanurate, 1 l 3 l 5-tris(4-tert-butyl-3-hydroxy-2,6-dlmethylbenzyl) isocyanurate, 2,4,6- 
trlsC3,5<H-tert-butyl4-hydroxyphenylethyl)-1,3,5-Wazine, 1A8-W8(3^-dl-tert-butyM-hydP. 
oxyphenylproplonyl)hexahydro-1,3 l 5-trlazlne, 1,3,5-trls(3.SKilcyclotiexyl-4-hydroxybenzyt) 
isocyanurate. 

1 11 R^nyyl phosohonates. for example dimethyl 2.6-dl-tert-butyl-4-hydroxybenzyl- 
phosphonate, diethyl 3,5^i-tert-butyl-4-hydroxybenzy!phosphonate, dloctadecyl 3,5-dHert- 
butyI-4-hydroxybenzylphosphonate, dloctadecyl 5-tert-butyM-hydroxy-3-methylbenzyl- 
phosphonate, calcium salt of 3,5KH-tert-butyl-4-hydroxybenzyI-phosphonic acid monoathyi 
ester. 



1.12. Acvlamlnophenols, for example 4-hydroxylauric acid anlllde, 4-hydroxystearic acid 
anillde, N-(3,S-di-tert-butyl-4-hydroxyphenyl)carbamlc acid oclyl ester. 
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1.13. Esters of B-f3.S-di-tert>butvl4-hvdro>tvolierivlbroDSonio acid with mono- or poly-hydric 
alcohols, for example with methanol, etbanol, n-octanoi, isooctanol, octadecanol, 1,6- 
hexanedlol, 1,9-nonanediol, ethylene glycol, 1,2-propanedioi; neopentyl glycol, 
thiodiethylene glycol, diethylene glycol, Methylene glycol, pentaerythritol, Ms(hydroxyetbyi) 
isocyanurate, RN'-bis^ydroxyethyfJoxelte acid diamWe, 3-thlaundecanol, 3- 
thiapentadecanol, trimethylhexanedlol, trimethylolpropane, 4-hydroxymethyl-1-phospha- 
2,6.7-Moxablcyclo[2.2.2]octane. 

1.14. Esters of B^a.tert-butvM-h vrtroitv-3-methvlphflnvnproplonSo acid with mono- or poly- 
hydrlc alcohols, for example with methanol, ethanol, n-octanol, isooctanol, octadecanol, 1,6- 
hexanedlol, 1,9-nonanediol, ethylene glycol, 1,2-propanediot, neopentyl glycol, 
thiodiethylene glycol, diethylene glycol, Methylene glycol, pentaerythritol, tris(hydroxyethyl) 
Isocyanurate, N,N*-bls(hydroxyethyl)oxallc acid dtamtde, 3-thlaundecanol, 3- 
thiapentadecanol, trimethylhexanedlol, trimethylolpropane, 4-hydroxymethyM-phospha- 
2,e,7-trioxablcyclo[2.2.23octane; 3,9-bi9[2-{3-(3-tert-butyl-4-hydroxy-6- 
methytphenyl)prop!onyloxyH.''-dlm9thy!ethylI-2,4,8 l 10-tetraoxasptro[5.53undecane. 

115, Esters of R.r3.5-dicvclohe x yU-hvdroxvoh9nv[)propionlc ac id, with mono- or poly-hydric 
alcohols, for example with methanol, ethanol, octanol, octadecanol, 1 ,6-hexanedlol, 1,9- 
nonanediol, ethylene glycol, 1,2-propanedlol, neopentyl glycol, thiodiethylene glycol, 
diethylene glycol, trlethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'- 
bIs(hydroxyethy!)oxalic acid dlamlde, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexane- 
dlol, trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trloxabicyclo|2,2.2loctane. 

1.16. Esters of 3.fi.dl-tart-butvU-hvdroxvohe nvlacetio acid with mono- or poly-hydric 
alcohols, for example with methanol, ethanol, octanol, octadecanol, 1 ,6-hexanedlol, 1,9- 
nonanediol, ethylene glycol, 1,2-propanedlol, neopentyl glycol, thiodiethylene glycol, 
diethylene glycol, Methylene glycol, pentaerythritol, Ms(hydroxyethyt) Isocyanurate, N,N'- 
bls{hydroxyethyi)oxalic acid diamide, 3-thiaundecanol, 3-thfapentadecanol, Mmethyl- 
hexanedlol, Mmethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7- 

MoxabicycloI2,2.2Joctane. 
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1.17. Amides of B-(3,5-di-t6rt-buM-4-hvdr Qx yohen^broDlonlo acid, for example N,N'- 



propfonyloxy)ethyrjoxamide (Naugard^L-l from Unlroyal). 

1.18. Ascorbic acid (Vitamin C). 

1.19. Amlne-tvoe antioxidants, for example N,N'-<ii-lsopropy]-p-phenylenedlamtne, N.N'-dl- 
sec-butyl-p-phenylenedlamlna, NpN'-bistl^-dimothylpenlylJ-p-phenylenedlamine, N.N'-blsfl- 
ethyl-3-methy!pantyl)-p-phanylenediamlne, N,N^bls(1-methylhepty)-p-phenylenediamlne, 
N.N'-dlcyciohexyl-p-phenylenediamine, N.N'-diphenyl-p-phenyienediamine, N,N'-dl(2- 
naphthyl)-p-phenylenediamine, N-lsopropyl-N*-prtenyl-p-phenyienediamlne, N-(1 ,3-dimBthyi- 
butyl)-N'-phenyl-p-phenylenedlamine, N-(1 -methyiheptyO-N'-phanyl-p-phenylenediamlne, N- 
cyclohexyi-N'-phenyl-p-phonyienedlamlne, 4-(p-toluenesuffonamido)-dtphenylamlne, N,N'- 
dimelhyl-N.N'-dl-sec-butyl-p-prienylenediamine, dlphenytamine, N-aliytdlphenylamlne, 
4-lsopropoxydiphenyfamlne, N-phenyl-1-naphthylamtne, N-(4-fert-octylph.enyl)-1 -naphthyt- 
amine, N-phenyl-2-naphthy!amine p octyfated dlphenylamins, for example p.p'-di-tart-octyl- 
dlphenylamine, 4-n-buty!aminophenol, 4-butyrylaminophenol, 4-nonanoylaminophBnol, 
4-dodecanoy!aminophenol, 4-octadecanoylamlnophanoi, dl(4-methoxyphenyl)amlne, 2,6-di- 
tert-bulyI-4-dimethyIamlnometh.ylphenoi, 2,4*-dlamlnodipheny!methane, 4,4*-diamino- 
diphenylmethane, N.N.N'.N'-tetramethyl^'-diamlnodiphenyimethana, 1,2-dl[(2-mefhyi- 
phenyl)amino]etb.ane, 1,2-di(phenylamino)propane, (o-tolyl)-biguanide, di[4-(1'.3'-dlmethyl- 
butyl)phenyi]amine, tert-octylated N-phenyt-1-naphthylamlne, mixture of mono- and di- 
alkylated tert-butyl-/tert-octyl-dfphenylamines, mixture of mono- and di-alkylatsd nonyl- 
dlphenylamlnes, mixture of mono- and di-alkylated dodecyldlphenytamines, mixture of 
mono- and dl-alkylated isopropyl-flsohexyl-diphenylamlnes, mixtures of mono- and di- 
alkylated tert-butyidiphenylamlnes, 2,3-dlMro-3.3-dimethyl-4H-1 ,4-benzothlazine, 
phenothiazine. mixture of mono- and di-alkylaled tert-butyl-/tert-odyI-phenothiaz!nes, 
mixture of mono- and dl-alkylated tert-octylphenothlazines, N-altylphenothiazine or 
N.N.N'.N'-fetraphenyM^-diamfnobuU-ene. 

2. UV absorber s and light stabilizers 



bist^S-di-tert-butyi^hydroxyphenylproptonyOh 
buty!4-hydroxyphenylproplonyl)trimethyIenedla 
hydroxyphenylpropionyt)hydrazlde), N,l 



yl)texamethyteradternlde, N,N'-bIs(3,5-di-tert- 
sdlamlde, N.N'-bistS.S-dl-tert-butyi^- 
N 1 N'-bis[2-(3-[3,5-di-tert-butyM-hydroJcyphenyt]- 
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2.1 . 2.r2'-Hvdroyy ptonvi )-hBn Z otriazolB9 . for example 2-(2Miydroxy^mBthylphenyI)-benzo- 

triazole, a-CS'.S'-di-tert-butyl-y-hydroxyphenyD-benzolrfaEole, 2-(5'-tenVbutyl-2 , -hydroxyph9- 
nyl)-benzotrlazole, 2-(2 , --hydrow/-S'-('l l 1.3.3-tetramethylbulyl)-phenyl)-benEoHazol9, 
di-tert-buty]-2 , -hyd ro xyphs n yl)-5-ch!orobenzotriazoIe, 2-(3'-tert-butyl-2 , -hydfOHy-5'- 
methyiphenyl)-5-chlorobenzotriazole, ^(a'-seo-butyl-S'-tert-bLriyW-hydroKyphenyl)- 
benzotriazole, 2-(2 , -hydroxy-4 , -octy!o ) cyphenyl)-benzolrSazo]e, 2-<3\5^di-ter^amy!-2 , - 
hydroxyphenyl)-benzotriazole, 2-(3',5'-bIs(a,€MJImethylbBnzyl)-2'-hydroxyph9nyl)-benzo- 
triazole, 2-(3'-tert-butyl-2'-hydroxy-5''(2-octyloxycarbonylethyl)phenyl)-5^htorobenzotf1azole 1 
2-(3MerM>utyl-542-(2-ethylhexyloxy)carbon^^^ 

2-(3'-tert-buly!-2 , -hydroxy-5 , -(2-ni8thoxycarbonylethyl}phonyl)-5-chlorobenzotriazoIe 1 2-(3'- 
tert-butyl^-hydroxy^-methoxycarbonylethylJphenyO-benzotrtazole, a^S'-tert-butyl-S 1 - 
hydroxy-5H2^cty!oxycarbonylethyl)pheny^ 

oxy)carbonylethyl]-2'-hydroxyphe n yl)-benzotriazole, 2-(3'-dodecyl-2^hydroxy^-methy!- 
phenylj-bonzotriazole, 2-(3 , -iert-butyl.2'-hydroxy-5 , -(2-lsooctyloxycarbonyIethyl)-pheny!- 
benzotriazole, 2,2'.methyIeneb| S t4-(1,1.3 < 3-tetramethylbuty)}-6-benzotriazo]-2.yl-pheriol]; 
transesterifiDatlon product of 2H3'4ert-butyt^(2-methoxycarbonyiBthyl)-2'-hydroxyph9nyl]- 
benzotriazote with polyethylene glycol 300; [r-CH^-COO-CH^H^ wherein R = 
a'-tert-butyW-hydroxy-a'^H-benzotriazoI^-yl-phenyl; 2-[2"-hydroxy^'-(a,c M iimethylbenzy])- 
5H1,1.3.3-tetramethylbutyl)-phenyl]-benzotrlazole; ^'-hydroxy-S^I .1,3,3- 

telramethylbutyl)-5'-(a,o>-diniethylbenzy])-phenytJ-benzoWazoIe. 

9.9. a-Hvdroxvbenraohenones , for example the 4-hydroxy, 4-methoxy, 4-octyioxy, 4-decyl- 
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2',4'-trlhydroxy or 2'-hydroxy.4,4'-dlmethoxy derivative. 

3.3. Esters of ur>s..hstih.l ft d or suN iM henzolo acids, for example 4~tert-butyl-phenyl 
salicylate, phenyl ' salicylate, octylphenyl salicylate, dibenzoylresorclnol, bis(44ert- 
buty!benzoyl)resorclnol, benzoylresorclno!. 3,5-dHert-butyl4-hydroxybenzoic acid 2,4-dl- 
tert-butylphenyl ester, 3,5-dl-tert-buly!-4-hydroxybenzoic acid hexadecyl ester, 3,5-dl-tert- 
butyl-4-hydroxybenzo!c acid ociadecyl ester, 3,5^-terMjutyM-hydroxybenzolc acid 2- 
methyl^e-di-tert-butylphenyl ester. 
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2.4. Abates , for example a^yano-fi.p-dlphenylacryllo acid ethyl ester or Isooctyl ester, o> 
meaioxycarbonylGlnnamlo acid methyl ester, o>cyano-§-methyI-p™ethoxyctnnamic acid 
methyl ester or butyl ester, o^methoxycarbonyl-p-methosycinnamic acid methyl ester, ti& 
methoxycarbonyl-p-cyanovinyi)-2-methyi-indollne. 

gfi.Mintal compounds , for example nickel complexes of 2,2"-thiQ-blsr4-(1,1.3,3-tetra- 
methylbutyl)phenot], such as the 1 :1 or 1:2 complex, optionally with additional llgands, such 
as n-butylamlne, trlethanolamlne or N-cyclohexyidtethanolamlna, nlcket dibutyl dlthlo- 
carbamate, nickel salts of 4-hydroxy-3,5-df-tert-butylbenzylphosphonic acid monoalkyl 
esters, such as of the methyl or ethyl ester, nickel complexes of ketoxtmes, such as of 
2-hydroxy-4-methy!phenylundecyl ketoxtme, nickel complexes of l-phenyl^lauroyi-5- 
hydroxypyrazole, optionally with additional ligands. 

o« SMii! \lMmZ ante, for example bls(2^,6 1 6-tetram e ihylpiperid4-yi) sebacate, 
bi S (2.2,6,6-tetram a thyl P lp e rid-4-yl) succinate, blsd.Z^.e.e-peniamethyiplperid^-yl) seba- 
cate, bt S (1-octyloxy:2,2,6.6-tetramethylpiperfd4-yl) sebacate, n-butyl-3,5-di-tert-butyW- 
hydroxybenzylmafonlc acid bls(1,2,2,6,6-pentamethylplperidyl) ester, condensation product 
of l-hydroxyethyl-2 1 2,6 1 6-tetfamethyi^hydro X ypiperidlne and succinic acid, linear or cyclic 
condensation products of N,N^is(2,2 1 6,6.tetramethyM-piperidyl)hexamethylenedlamine 
and 4-tert-octylamino-2,6-dichloro.1,3,5-s.triazlne, tris(2,2,6,6-tetramethyl^piperidyl> nitrlio- 
triacetate, tetrakis(2,2,6,6-tetramethyl-4.piperidyl)<1.2,3 ( 4-but a netetraoate, 1,f-(1 ,2-ethane- 
diyl)bi S (3.3,5,5-tetramethylpiperazinone),4-ben Z oy!-2,2,6,6.tetramethy!piperldine,4-stearyl- 
0 ) V -2,2,6,6^t ra methy!piperidine,bIs(1,2 l 2,6.6-r^ntam e thyIpiperidyl)-2-n-butyl-2-(2.hydro>cy- 
3 5-dHert-butylbenzyl) maionate, a-n-octyl^T.g.Q-telramethyi-I.S.B-Wazaspiro^.Sldecane- 
^4-dione, bls(1-octyloxy-2,2,6,6-tetramethylpiperldyl) sebacate, bls(>octy!oxy-2.2,6,6-tetra- 
methylpiperidyl) succinate, linear or cyclic condensation products of N,N'-bls(2,2,6,6-tetra- 
methyi-4-piperldyl)hexamethylenediamine and 4.morpholino-2,6-dichIoro-1,3,5-triazine. con- 
densation product of 2-chloro^,6-dI(4-n-butylamino-2,2,6,6-tetramethylplperldyl)-1,3,5-W- 
azine and 1,2-bis(3-aminopropylamlno)ethane, condensation product of 2-chloro-4,6-dl{4-n- 
butylami n o-1,2,2,e > 6-pentamethylpiperidyl)-1.3 ) 5-triazlne and 1,2-bls(3-aminopropy!amino)- 
ethane, 8-acetyl-3-dodecyl-7,7,9,9-tetramethyH,3,8-iri a zasplro[4.5]de C ane-2,4-dIone, 3- 
dodecyM-{2.2,6,6-tetramethyM-piperidyl)pyrrolldine-2 ) 5-dlone 1 3-dodecy|.1-(1,2,2,6,B-pen- 
tamethyl-4-piperidyi) P yrrolldine-2,5-dlone, mixture of 4-hexadecyioxy- and 4-steaiyio^- 
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2,2,6,6-telramethylpiperldine. condensation product of N,N'-b[s(2 1 2,6 1 6-te1ramethyl-4-piperi- 
dyl)hexamethylenedlam1ne and 4-cycloheKylamino-2,6-dlch!oro-1,3,5-Ma2ine, condensation 
product of 1,2-bls(3-aminopropylamino)ethane and 2,4,6-trich!oro-1,3;5-triazine and 4-butyt- 
amfno-2,2,6,6.tetramethy!ptper!dine (CAS Reg. No. [136504-96-6]); condensation product of 
1,6-diamlnohexane and 2,4,6-trichloro-1,3,5-uiazine and also N.N-dibutylamtne and4-butyl- 
amlno-2,2.6,6-tetramethylplper!dlne (CAS Reg. No. 1192268-64-71); N-(2,2,6,6-tetramethyI- 
4-piperidyl).n-dod e cyl S uccinlmtde, N -(1,2.2,6.6-pentam e thyl-4-plperidy!)-n- 
dodecylsucclnlmide, 2-undecyl-7 l 7,9,9-tetramethyl-1-oxa-3,8Kllaza^-oxo-spIro[4.5ldec a ne I 
reaction product of yj.g.g-tetramethyl^-cycIoundecyl-l-oxa^S-diaza^- 
oxosp!ro[4.5]decane and eptchtorohydrin. l.l-bisCW.e.e-pentamethyM-plperidyl- 
oxycarbpnyl)-2-(4-methoxypheny!)ethene, N,N--bis-formyl-N,N'-bi S (2 1 2 > 6,6-tetram e thyt-t- 
p|peridyl)hexamethy!enediamine, diester of 4-methoxymethylenemalonto acid with 1,2,2.6,6- 
pentamethyM-hydroxypiperldlne, poiy[methy1propyl-3-oxy-}-(2,2,6,6-tetramethyl-4- 
P i P eridyi)3slloxane, reaction product of maleic anhydride cw>!efin copolymer and 2,2.6,6- 
letrarnethyM-arninopiper]dineor1,2.2,6,6-pentametnyl-4-am!nopiperidine. 

0 7 n xaiinanlddlamldes . for example 4,4'-dloctyloxy oxanilide. 2,2'-dlethoxy oxanillde, 2,2'- 
d^tyloxy-5,5'-dl-tert-buty! oxanillde, 2,2'.d!dodecy!oxy.-5,5'-dl-tert-butyl oxanilide. 2-ethoxy- 
2'-ethyl oxanilide, N.N'-bls^imethylamlnopropyl) oxalamlde, 2-ethoxy-5-tert-butyl-2'-ethyl 
oxanillde and a mixture thereof with 2-ethoxy-2'- e ihyl-5,4'-di-tert-buSyt oxanillde, mixtures of 
o- and p-methoxy- and also of o- and p-ethoxy-dl-subslituted oxanllides. 

9.ft.o.^Hvdroxvohnnvn.1.3.S-triazlne3 , for example 2.4,6-tris{2-hydroxy-4-octyloxyphenyt)- 
1,3,5-triazine, 2-(2.hydroxy^-octyloxyphenyl)4,6-bls(2,4Kjlmethylphenyl)-1.3.5-triazlne, 2- 
(2,4-dlhydroxyphenyl)4,6-bls{2,4-dlmethylphenyl)-1,3,5-triazIne, 2,4-bis{2-hydroxy4-propyl- 
ox y phenyl)-6-(2,4-dimethylphenyl)-1.3 l 5-tria Z Ine. 2-(2-hydroxy4-octyloxyph e nyi)4,6-bis(4- 
methylph B nyl)-1,3.5-triazlne, 2-(2-hydroxy4-dod8cyloxyphenyl)-4,6.bls(2,4-dimethyiphenyi). 
1,3.5-trfazine, 2-(2-hydroxy-4-tridecytoxyphenyl)4,6-bls(2,4-dlmethylphenyl)-1,3.6-trlazino, 
2\2-hydro>cy-4-{2-hydroxy-3-butyloxypropyloxy)phenyIH.6-bIs(2 l 4-dimethylphenyl)-1,3 l S 
azine. 2-[2-hydroxy-4-{2-hydroxy-3-octyloxypropyIoxy)phenyl]-4,6-bls(2 1 4-dimethylphenyl)- 
1,3,5-triazine, 2-[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl]-4 > 6-bis(2,4- 
d!methylphenyl)-1 i 3,5-trlazine, 2-p-hydroxy4-{2-hydroxy^dodecyloxypropoxy)phenyl]-4,6- 
bi S (2,4-dimethyiph e nyl)-1.3 l 5-triazlne, S-ta-hydroxy-t-hexyloxyJphenyl^.e-diphenyi-I.S.S- 
triazine, 2-(2.hydroxy4-methoxyphenylH.6-diphenyI-1.3,5-triazin ei 2,4,6-trls[2-hydroxy4- 
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{S-butoxy^-hydroxypropoxyJphenyll-l.a.S-trfffizSne. 2-(2-hydroxyphenyl)-4-(4- 
memoxyphenylJ-S-phenyl-I.S.S-triazIrie, 2-{2-hydroxy-4-[3-(2-«tfiylheKyl-1-oxy)-2- 
hydronypropy[oxy]ptienylH.6-b[s(2,4-dimethy!pheny0-1,3,5-Wazine. 

3. Metal deactivators , for example N.N'-dlphenyioxaticacid diamide, N-salicylal-N'-satlcyloyl- 
hydrazine, N.N'-blsfsallcyloyOhydrazlne, N,N , -bis(3 1 5-di-tert-butyl^-hydroxyphenylproplonyl)- 
hydrazine, a-salicyloylamlno-l^-trlazote, bis(benzylidene)oxallc acid dihydrazide, 
oxanlllde, isophthallc acid dihydrazide, sebacloacid bls-phenylhydrazide, N,N'-diacety!ad!pIc 
acid dihydrazide, N,N'-bis-sailcyloytoxalic acid dihydrazide, N.N'-bts-sallcyloylthlopropionic 
acid dihydrazide. 

4. Phosphites anH nhosohonites. e.g. triphenyl phosphite, diphenylalkyl phosphites, phenyl- 
dlalkyl phosphites, tris(nonylphsnyl)phosph!te, trilauryl phosphite, trloctadecyl phosphite, 
distearyl-pentaerythritol dlphosphite. tris(2 > 4-dI-tert-biityIphenyl)phosphfte 1 diisodecylpenta- 
erythrttol diphosphlte, bls(2,4-di-tert-butylphenyl)pentaerythr!toi diphosphite, bls{2,4-dl- 
cumylphenyl>pentaeryihr!tol diphosphlte, bis(2,6-dl-tert-butyl-4-methylphenyl)penta e rythrKol 
diphosphlte, bls-isodecyloxy-pentaerythritol diphosphlte, bls(2,4-dl-tert-butyl-6- 
methylphenyDpentaerythrltol diphosphite, bis(2,4 1 6-tri-tert-butylpheny!)pentaBrythritol 
diphosphlte, trlstearyl sorbitol triphosphtte, tetrakis(2,4-dl-tert-butylphenyl)-4 ) 4'-biphenylene 
diphosphonite, 6-lsooctyloxy-2,4,8 l 10-tetra-tert-butyM2H-dibenzo[d,g3-1,3 ) 2-dioxaphospho- 
clne, bis{2,4-di-tert-butyl-6-methylphenyl) methylphosphlte, bis{2,4-di-tert-bulyI-6-methyl- 
phenyl) ethylphosphlte, e-fluoro^^.e.lO-tetra-tert-butyl-^-methyt-dibenzofd.gl-l ,3,2-dloxa- 
phosphoclne, 2,^2"-nitriIoLW8thyMris^ 

phitel, 2.ethylh e xyl-(3 J 3',5,5'-tetra-tert-butyi-1,1 , -biphenyl-2,2 l -diyl) phosphite, 5-butyI-5-ethyl- 
2-{2,4 1 6-tri-tert-:butylphenoxy)-1 l 3,2-dioxaphosphIrane, 

s. Hvriroxvlamines. for example N.N-dibenzyihydroxyiamlne. N.N-dlethylhydroxylamlne, IM,N- 
dloctylhydroxylamlne, N.N-dilaurylhydroxylamlne, N,N-ditelradecylhydroxy!amlne, N.N- 
dlhexadecylhydroxylamine, N,N-dioctadecylhydroxy!amine, N-hexadecyl-N-ocladecyl- 
hydroxylamfne, N-heptadecyl-N-octadecylhydroxylamine, N.N^Ialkylhydroxylamlne from 
hydrogenated tallow fatty amines. 

6. Nitrones, for example N-benzyl-alpha-phenylnitrone, N-ethyl-alpha-methylnltrone, N-ociyl- 
elpha-heplylnitrone. N-lauryl-alpha-undecylniirone, N-teiradecyl^lpha-iridecylnitronB, 
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N-hexadecyl-alpha-pentadecy!nitrone, N^cladecyteipha-heptadecylnitrone, N-hexadecyi- 
alpha-heptadecylnitrone, N-octadecyl-alpha-penfadecylnitrone, N-heptadecyl-alpha-hepta- 
decylnifrane, N-octedecyl-alpha-hexadecylnitrone, nitrones derived from N,N-dtalkyI- 
hydroxylamlnes prepared from hydrogenated tallow fatty amines. 

7 Thlnsynerolstlo compounds, for example thlodlproptonic acid dllauryl ester or thio- 
dipropionic acid disfearyl ester. 

» Pprnxlrie-destrnvlna compounds, for example esters of p-ihio-dipropionlc acid, for 
example the lauryl, stearyl, myristyl or tridecyl ester, mercaptobenzimidazole, the zinc salt of 
2-mercaptobonzlmIdazole, zinc dibutyldlthlocarbamate, dloctadecyidisulfide, pentaerylhrltol 
tetrakis<Modecylmercapto)proplonate. 

p Pnivamlde stabillsera . for example copper salts in combination with Iodides and/or 
phosphorus compounds and salts of divalent manganese. 

m. pasln co-stablllsers. for example melamine, polyvinylpyrrolidone, dicyandiamldo, trialiy! 
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamldes, polyurethanes, 
alkali metal and alkaline earth metal salts of higher fatty acids, for example calcium stearate, 
zinc stearate, magnesium behenate, magnesium stearate, sodium rlclnoleate, potassium 
palmltate, antimony pyrocatecholate or zinc pyrocatecholate. 

n M.irfeaHnn aoents. for example inorganic substances, e.g. talc, metal oxides, such as 
titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of preferably 
alkaline earth metals; organic compounds, such as mono- or poiy-carboxyllc acids and their 
salts, e.g. 4-tert-butylbenzofc acid, adlpic acid, diphenylacetio acid, sodium succinate or 
sodium benzoate; polymeric compounds, for example lonio copolymerisates ("lonomers"). 
Special preference Is given to I.S^^-blsf^dimethylbenzyltdeneJsorbitol, 1,3:2,4- 
di(paramethyldlbenzylidene}sorbitoland1,3:2,4-dl(benzylldene)sorbitol. 

1?. Filters and reinforcing agents, for example calcium carbonate, silicates, glass fibres, 
glass beads, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black, 
graphite, wood powders, and powders and fibres of other natural products, synthetic fibres. 
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__ r example plasUcisers, lubricants, emuteiflers, pigments, rheology 

additives, catalysts, flow Improvers, optical brlghteners, flame retardants, antistatics, blowing 



aa Rsnrnfuranon o* and Indoltnonss. for example as described in U.S. 4 325 863; 
US 4338 244; U.S. 5 175 312, U.S. 5216052; U.S. 5 252 643; DE-A-4 316 611; 
DE-A4 316 622; DE-A-4 316 876; EP-A-0 589 839 or EP-A-0 591 102, or 3-[4-(2- 
a cetoxyethoxy)phenyl3-5,7.di-tert-butyl-ben Z oturan-2-onB, 5,7-dl-tert-butyl-3-[4-(2^tearoyl- 
oxyethoxy)phenyrjbenzofuran-2-one, 3,3'-bisl5,7^i-tert.butyl-3-{4-[2-hydroxyethoxy3phenyl)- 
benzofuran-2-one], 5 1 7-dl.tert-butyl-3-(4^thoxyphenyl)b e nzoftiran-2-on B| 3-(4-acetoxy-3,5- 
d!methylphenyl)-5,7-di-tert-buty]-benz 0 fur a n-2-one, 3-(3,5-dimethyM-pivaloyloxy-phenyl)- 
5,7-dl-tert-butyl-benzofuran-2-one, S^S^-dimethylphenyD-BJ-dl-tert-bulyl-benzoftjran^ 
one,3-(2,3-dimethylphenyl)-5,7-dHert-butyl-benzofuran-2-one. 

The cosfabllbers are added, for example, in concentrations of 0.01 to 10%, relative to the 
total weight of the synthetic pofymerto be stabilized. 

Preferred further additives are phenolic antioxidants, light-stabilizers, processing stabilizers, 
solvents, pigments, dyes, plasticizers, pompatlblllzers, toughening agents and/or thixotroplc 
agents. 

In addition to the nano fillers other fillers may be used as reinforcing agents {item 12 in the 
list), for example talc, calcium carbonate, hydrolase, mica, kaolin, metal hydroxides, espe- 
cially aluminium hydroxide or magnesium hydroxide. These are added to the synthetic poly- 
mers in concentrations, for example, of from 0.01 to 40 %, based on the overall weight of 
the synthetic polymers to be stabilized. 

Carbon black as filler is added to the synthetic polymers In concentrations, Judiciously, of 
from 0.01 to 5 %, based on the overall weight of the synthetic polymers to be stabilized. 

Glass fibers as reinforcing agents are added to the synthetic polymers in concentrations, 
judiciously, of from 0.01 to20 %. based on the overall weight of the synthetic polymers to be 
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Further preferred compositions comprise in addition to components (a), (b) and (c) further 
additives as well, especially alkaline earth metal salts of higher fatty acids, for example cal- 
cium st 



As a conventional stabilizer combination for processing synthetic polymers, for example 
polyolefins, to form corresponding mouldings, the combination of a phenolic antioxidant with 
a secondary antioxidant based on an organic phosphite or phosphonlte Is recommended. 

Incorporation of components (b) and (c) and, If desired, further additives into the synthetic 
polymers Is carried out by known methods, for example before or during moulding or else by 
applying the dissolved or dispersed compounds to the synthetic polymer, if appropriate with 
subsequent slow evaporation of the solvent, 

The present invention also relates to a nanocomposite material in the form of a masterbatch 
or concentrate comprising component (a) in an amount of from 5 to 90%, component (b) in 
an amount of from 5 to 80%, and component to) in an amount of from 0.5 to 50% by weight. 

Components (b) and <o) and, if desired, further additives, can also be added before or 
during polymerisation or before crossllnking. 

Components (b) and (c), with or without farther additives, can be incorporated In pure form 
or encapsulated in waxes, oils or polymers Into the synthetic polymer. 

Components (b) and (c), with or without further additives, can also be sprayed onto the syn- 
thetic polymer. It Is able to dilute other additives (for example the conventional additives Indi- 
cated above) or their melts so that they too can be sprayed together with these additives 
onto the polymer. Addition by spraying on during the deactivation of the polymerization cata- 
lysts is particularly advantageous, It being possible to cany out spraying Using, for example, 
the steam used for deactivation. 



In the case of spherically polymerized polyolefins it may, for example, be advantageous to 
apply components (b) and (c), with or without other additives, by spraying. 
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The synthetic polymers prepared In this way can be employed in a wide variety of forms, for 
example as foams, films, fibres, tapes, moulding compositions, as profiles or as binders for 
coating materials, especially powder coatings, adheslves. putties or especially as thick-layer 
polyolefin mouldings which are in long-term contact wfth extractive media, such as, for 
example, pipes for liquids or gases, films, fibres, geomembranes, tapes, profiles or tanks. 

The preferred thick-iayer poiyolefln mouldings have a layer thickness of from 1 to 50 mm, in 
particular from 1 to 30 mm. for example from 2 to 10 mm. 

The compositions according to the invention can be advantageously used for the 
preparation of various shaped articles. Examples are: 

H) Floating devices, marine applications, pontoons, buoys, plastic lumber for decks, piers, 
boats, kayaks, oars, and beach reinforcements. 

!-2) Automotfca applications, In particular bumpers, dashboards, battery, rear and front 
linings, moldings parts under the hood, hat shelf, trunk linings, interior linings, air bag 
covers, electronic moldings for fittings (lights), panes for dashboards, headlamp glass, 
instrument panel, exterior linings, upholstery, automotive lights, head lights, parking lights, 
rear lights, stop lights, interior and exterior trims; door panels; gas tank; glazing front side; 
rear windows; seat backing, exterior panels, wire insulation, profile extrusion for sealing, 
daddlng, pillar covers, chassis parts, exhaust systems, fuel filter / filler, fuel pumps, fuel 
tank, body side mouldings, convertible tops, exterior mirrors, exterior trim, fasteners /fixings, 
front end module, glass, hinges, lock systems, luggage I roof racks, pressed/stamped parte, 
seals, side Impact protection, sound deadener/ Insulator and sunroof. 

1-3} Road traffic devices, in particular sign postings, posts for road marking, car accessories, 
warning triangles, medical cases, helmets, tires. 

V4] Devices for plane, railway, motor car (car, motorbike) including furnishings. 

!-5) Devices for space applications, in particular rockets and satellites, e.g. reentry shields. 
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[-6) Devices for architecture and design, mining applications, acoustic qulefized systems, 
street refuges, and shelters. 

11-1) Appliances, cases and coverings In genera! and electric/electronic devices (personal 
computer, telephone, portable phone, printer, television-sets, audio and video devices), 
flower pots, satellite TV bowl, and panel devices. 

II-2) Jacketing for other materials such as steel or textiles. 

]|-3) Devices for the electronic Industry, in particular insulation for plugs, especially computer 
plugs, cases for electric and electronic parts, printed boards, and materials for electronic 
data storage such as chips, check cards or credit cards. 

II-4) Electrto appliances, In particular washing machines, tumblers, ovens (microwave oven), 
dish-washers, mixers, and irons. 

II-5) Covers for lights (e.g. street-lights, lamp-shades). 

U-6) Applications in wire and cable (semi-conductor, insulation and cable-jacketing). 

II- 7) Foils for condensers, refrigerators, heating devices, air conditioners, encapsulating of 
electronics, semi-conductors, coffee machines, and vacuum cleaners. 

III- 1) Technical articles such as cogwheel (gear), slide fittings, spacers, screws, bolts, 
handles, and knobs. 

M-2) Rotor blades, ventilators and windmill vanes, solar devices, swimming pools, swimming 
pool covers, pool liners, pond liners, closets, wardrobes, dividing wails, slat walls, folding 
wails, roofs, shutters (e.g. roller shutters), fittings, connections between pipes, sleeves, and 
conveyor belts. 

IU-3) Sanitary articles, in particular shower cubicles, lavatory seats, covers, and sinks. 
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in-4) Hygienic articles, in particular diapers (babies, adult incontinence), feminine hygiene 
articles, shower curtains, brushes, mats, tubs, mobfle toilets, tooth brushes, and bed pans. 

111-5) Pipes (cross-linked or not) for water, waste water and chemicals, pipes for wire and 
cable protection, pipes for gas, oil and sewage, guttering, down pipes, and drainage sy- 
stems. 

111-6) Profiles of any geometry {window panes) and siding. 

111-7) Glass substitutes, in particular extruded plates, glazing for buildings (monolithic, twin or 
multiwall), aircraft, schools, extruded sheets, window film for architectural glazing, train, 
transportation, sanitary articles, and greenhouse. 

111-8) Plates (walls, cutting board), extrusion-coating (photographic paper, tetrapack and pipe 
coating), silos, wood substitute, plastio lumber, wood composites, walls, surfaces, furniture, 
decorative foil, floor cov&rlngs (Interior and exterior applications), flooring, duck boards, and 
tiles. 

111-9) Intake and outlet manifolds. 

III- 10) Cement-, concrete-, composite-applications and covers, siding and cladding, hand 
rails, banisters, kitchen worktops, roofing, roofing sheets, tiles, and tarpaulins. 

IV- 1) Plates (walls and cutting board), trays, artificial grass, astroturf, artificial covering for 
stadium rings (athletics), artificial floor for stadium rings (athletics), and tapes. 

iV-2) Woven fabrics continuous and staple, fibers (carpets / hygienic articles / geotextiles / 
monofilaments; filters; wipes / curtains (shades) / medical applications), bulk fibers 
(applications such as gown / protection clothes), nets, ropes, cables, strings, cords, threads, 
safety seat-belts, clothes, underwear, gloves; boots; rubber boots, Intimate apparel, 
garments, swlmwear, sportswear, umbrellas (parasol, sunshade), parachutes, paraglldes, 
sails, "balloon-silk", camping articles, tents, airbeds, sun beds, bulk bags, and bags. 
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IV-3) Membranes, Insulation, covers and seals for roofs, tunnels, dumps, ponds, dumps, 
walls roofing membranes, geomembranes, swimming pools, curtains {shades) / sun-shields, 
awnings, canopies, wallpaper, food packing and wrapping (flexible and solid), medical 
packaging (flexible & solid), airbags/safety belts, arm- and head rests, carpets, centre 
console, dashboard, cockpits, door, overhead console module, door trim, headllners, interior 
lighting, interior mirrors, parcel shelf, rear luggage cover, seats; steering column, steering 
wheel, textiles, and trunk trim, 

V) Films (packaging, dump, laminating, agriculture and horticulture, greenhouse, mulch, 
tunnel, silage), bale wrap, swimming pools, waste bags, wallpaper, stretch film, raffia, 
desalination film, batteries, and connectors. 

VM) Food packing and wrapping (flexible and solid), bottles. 

VI- 2) Storage systems such as boxes (crates), luggage, chest, household boxes, pallets, 
shelves, tracks, screw boxes, packs, and cans. 

Vi-3) Cartridges, syringes, medical applications, containers for any transportation, waste 
baskets and waste bins, waste bags, bins, dust bins, bin liners, wheely bins, container In 
general, tanks for water / used water'/ chemistry / gas / oil / gasoline / diesel; tank liners, 
boxes, crates, battery cases, troughs, medical devices such as piston, ophthalmic 
applications, diagnostic devices, and packing for pharmaceuticals blister. 

VII- 1) Extrusion coating (photo paper, tetrapack, pipe coating), household articles of any 
kind (e.g. appliances, thermos bottle / clothes hanger), fastening systems such as plugs, 
wire and cable clamps, zippers, closures, locks, and snap-closures. 

VII-2) Support devices, articles for the leisure time such as sports and fitness devices, 
gymnastics mats, ski-boots, inline-skates, skis, big foot, athletic surfaces (e.g. tennis 
grounds); screw tops, tops and stoppers for bottles, and cans. 

Vll-3) Furniture in general, foamed articles (cushions, impact absorbers), foams, sponges, 
dish clothes, mats, garden chairs, stadium seats, tables, couches, toys, building kits (boards 
/figures /balls), playhouses, slides, and play vehicles. 
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VII4) Materials for optical and magnetic data storage. 
VI 1-5) Kitchen ware (eating, drinking, cooking, storing). 

VIM) Boxes for CD's, cassettes and video tepes; DVD electronic articles, office supplies of 
any kind (ball-point pens, stamps and Ink-pads, mouse, shelves, tracks), bottles of any 
volume and content (drinks, detergents, cosmetics including perfumes), and adhesive tapes. 

VII-7) Footwear (shoes / shoe-soles); insoles, spats, adhesrves, structural adhesives, food 
boxes (fruit, vegetables, meat, fish), synthetic paper, labels for bottles, couches, artificial 
joints (human), printing plates (ffexographic), printed circuit boards, and display 
technologies. 

Vll-8) Devices of filled polymers (talc, chalk, china-clay (kaolin), woilastonite, pigments, 
carbon black, TiO z , mica, nanocomposites, dolomite, silicates, glass, asbestos), 

Thus, a further embodiment of the present invention relates to a shaped article, in particular 
a film, pipe, profile, bottle, tank or container, fiber containing a composition as described 
above. 

A further embodiment of the present invention relates to a molded article containing a com- 
position as described above. The molding Is in particular effected by Injection, blow, com- 
pression, roto-molding or slush-molding or extrusion. 

The present invention also relates to a process for the preparation of a synthetic polymer 
nanocomposlte material which comprises meit mixing a mixture of a) a synthetic polymer, b) 
a filler, and c) a dispersing agent prepared by controlled free radical polymerization (CFRP). 

The melt mixing can be carried out In any heatabie container equipped with a stirrer, for 
example in a closed apparatus such as a kneader, mixer or stirred vessel. The incorporation 
is preferably carried out in an extruder or In a kneader. It is immaterial whether processing 
takes place in an Inert atmosphere or in the presence of oxygen. 
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The addition of components (a), (b) and (c) can be carried out In all customary mixing ma- 
. chines in which the polymer Is melted and mixed with the additives. Suitable machines are 
known to those skilled In the art. They are predominantly mixers, .kneaders and extruders. 
The process Is preferably carried out In an extruder by introducing the additive during pro- 
cessing. Particularly preferred processing machines are single-screw extruders, contrara- 
tating and corotating twin-screw extruders, planetary-gear extruders, ring extruders or cok- 
neaders. It Is also possible to use processing machines provided with at least one gas re- 
moval compartment to which a vacuum can be applied. Suitable extruders and kneaders are 
described, for example, in Handbuch der Kunststoffextrusion, Vol. 1, Grundlagen, Editors F. 
Hensen, W. Knappe, H. Potenle, 1989, pp. 3-7, ISBN:3-446-14339-4; and Vol, 2 
Extrusionsaniagen 1986, ISBN 3^46-14329-7. For example, the screw length is 1 -60 
screw diameters, preferably 35 - 48 screw diameters. The rotational speed of the screw is 
preferably 10 to 600 rotations per minute (rpm), for example 25 - 300 rpm. The maximum 
throughput Is dependent on the screw diameter, the rotational speed and the driving force. 
The process of the present invention can also be carried out at a level lower than maximum 
throughput by varying the parameters mentioned or employing weighing machines 
delivering dosage amounts, If a plurality of components are added, these can be premixed 
or added individually. 

Also of interest is a process for the preparation of a synthetic polymer nanocompostte mate- 
rial, wherein the melt mixing of the components (synthetic polymer, filler and dispersing 
agent prepared by controlled free radical polymerization) occurs between 120 and 290 e C, 
preferably between 140 and 250°C, for example between 170 and 230°C. 

The present invention also relates to synthetic polymer nanocomposltes obtained by the 
above mentioned process. 

The preferred components (b) and (c), and optionally futher additives, In the process forthe 
preparation of a synthetic polymer nanocompostte material are the same as those described 
for the composition. 

A preferred embodiment of the present invention is also the use of a dispersing agent pre- 
pared by controlled free radical polymerization to intercalate and exfoliate a filler and dis- 
perse the filler in a synthetic polymer matrix to form a nanocomposite material, 
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The preferred dispersing agent, filler and synthetic polymer, and optionally farther additives, 
for this use are the same as those described for the composition. - 

The following examples illustrate the invention further. Parts or percentages relate to weight. 

Example 1 : Preparation of dispersing agents by controlled free radical polymerization. 

The preparation and characterization of block or comb copolymers by controlled free radical 
polymerization Is disclosed for example in G. Auschra et at., Progress in Organic Coatings 
45, 83 - 93 (2002). Based on these procedures the following block copolymers are 
prepared with the properties disclosed in Table 1. 



Dispersing 

agent 
(Example) 


Block 1 


Block 1 
length 1 ' 


Block 2 


Block 2 
length 2 * 






1a 


PBA" 


58 


PDMAEA B) 


16" 


7400 


1.44 


1b 


PBA 5 * 


1O0 


PDMAEA 6) 


30 


11200 


1.55 


1c 


PBMA 75 


66 


PDMAEA 6) 


25 


n.d. 8! 


n.d. 81 



1 ) Average number of monomer units of the first block. 

2) Average number of monomer u nits of the second block, 

3) Molecular weight obtained from 'HNMR integration. 

4) Polydispersify of polymer obtained from GPC with THF as solvent. 

5) PBA Is poiyfbutyl acrylate). 

6) PDMAEA Is polyfdimetbytamlnoethy! acrylate). 

7) PBMA is poly(bu(yl methacrylate). 

8) n.d. means "not determined". 



Example 2 : Preparation of polypropylene nanocomposites in a batch mixer based on 
unmodified sodium montmorillonite. 
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60 g of polypropylene [Basell KY 6100 (RTM)], Is blended with 0.25 % of (rganox 1010 
(RTM) (pentaerythrifo! tetrakis[3-(3,5-d!-!ert-butyl4-hydroxyphenyl)propionate]) and 0.25 % 
of Irgafos 168 {RTM) (tris{2,4-di-tert-butylphenyl) phosphite), 5 % .of a monlmorillonite ciay 
[Cloisite (Na + ) (RTM) obtained from Southern Clay Industries] and 2.5 % of a dispersing 
agent prepared by controlled free radical polymerisation (CFRP) according to Table 1 in a 
plastic cup and then added to a batch mixer operating at 25 rpm and 180'C, the mixture is 
then taken to 50 rpm for 10 minutes. Small scale injection moulding is performed with a 
CS-183 MMX Minlmax moulder. The mixing chamber is preheated to 230°C and the mould 
is oven heated to 120°C for one hour prior to injection moulding. Approximately 5 g of the 
material Is placed in the mixing chamber and heated for 4 to 5 minutes. A small shot is 
taken form the CS-183 MMX Minlmax moulder prior to placing the mould in position. Six 
tensile bars with the dimensions 18 mm by 5 mm by 0.85 mm are produced for each of the 5 
g material. 

Tensile testing is performed according to ASTM D 638 with a Rheometrics mini material ten- 
sile tester [Minimal 2000 (RTM)] equipped with a 1000 N load cell (40 mm/mln). The results 
are summarized in Table 2. 
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Table2: 



Example 


Dispersing agent 


d-001lnA c) 


Normalized 
Modulus of 
Elasticity' 5 


Elongation 
at break (%) B) 


2a a) 


none (and no filler) 




1.00 


1.00 


2b*> 


None 


10 


1.12 


0.97 


2c b > 


Example 1a 


13 


1.32 


1.30 


2d b > 


Example 1b 


13 


1.04 


1.26 


2e"> 


Example 1c 


n.d.° 


ad." 


n.d.° 



a) Comparative Example. 

b) Example accord Ing to the Invention, 

c) Inferlayer distance determined by X-ray diffraction. 

d) Normalized modulus of elasticity relative to polypropylene processed under similar 
conditions (= 1.0). 

e) Normalized elongation at break relative to polypropylene processed under similar condi- 
tions (r 1.0). 

f) n.d. means "not determined". 

The X-ray diffraction (XRD) spectra show that all copolymers synthesized via GFRP accor- 
ding to Table 2 Intercalate the used clay in the direct mBlt blending experiments In the batch 
mixer. This Is demonstrated by an Increase in d-spacing of from 10 A {comparative Example 
2b) to 13 A {Examples 2c and 2d according to the Invention). The elasticity modulus of 
samples is enhanced by 4 - 32 % with respect to polypropylene without dispersing agent 
and/or filler. Surprisingly, the elongation at break is also enhanced by 26 - 30 %. 

Example 3 : Preparation of acrylic block or gradient copolymers by RAFT polymerization. 



a) Preparation of poly{butyl acrylate) (PBA). 
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A solution 200 g (1.56 moi) of butyl acrylate, 21.3 g (O.056 mol) of S-dodecyl S'-phenylethyl 
trithiocarbonate) and 915 mg (O.0058 mol) of AIBN tn 200 m! of dry toluene Is degassed by 
purging with argon for 3 hours, Polymerization Is carried out at 70 "C with stirring under 
argon for 20 hours < 1 H NMR: conversion 95%; GPC: Mn 3700, Mw/Mn 1.16). 

b) Preparation of poly{butyl acrylate)-block-poty(PEGMEA) (PBA-b- PPEGMEA). 

A solution of 78.7 g (0.173 mol) of methyl (polyethylene glycol) monoacrylate (average 
DP=3.1) and 915 mg (0.0056 mol) of AIBN In 100 mt of dry toluene is degassed by purging 
with argon for 3 hours, This solution is added to the above solution [Example 3a] by syringe. 
The mixture Is stirred at60°C under argon for 22 hours. The solvent is removed by evapora- 
tion under vacuum, (viscous yellow oil; 1 H NMR: total conversion -100%; GPC; Mn 4400, 
Mw/Mn 1.15). 

c) Preparation of po!y(butyl acrylate)-block-poly(DEGEEA) (PBA-b- PDEGEEA), 

A solution of 39.2 g (0.208 mol) of dl(eihylene glycol) ethyl ether acrylato and 916 mg 
(0,0056 mol) of AIBN in 100 ml of dry toluene is degassed by purging with argon for 3 
hours, This solution was added to the above solution [Example 3a] by syringe. The mixture 
is stirred at 60°C under argon for 48 hours. The solvent is removed by evaporation under 
vacuum, (viscous yellow oil; 1 H NMR: total conversion -100%; GPC: not available due to 
incomplete solubility In THF), 

d) Preparation of poly(MMA-grad- PEGMEA), 

A solution of 240.0 g (2.392 mol) of methyl methacrylate, 60.0 g (0.132 mol) polyethylene 
glycol) methyl ether acrylate, 22.9 g (0.060 mol) of S-dodecyl S'-phenylethyl 
trithiocarbonate) and 1.47 g (0,0090 mol) of AIBN in 300 ml of dry toluene is degassed by 
purging with argon for 3 hours. The mixture Is stirred at 70°C under argon for 48 hours, The 
polymer is collected by precipitation into methanol, (yellow solid; 1 H NMR: total conversion 
-100%; GPC: Mn 7100, Mw/Mn 1.47). 

e) Preparation of poly(MMA-grad- DEGEEA). 
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A solution of 240,0 g (2.392 mo!) of methyl methacrylate, 60.0 g (0.319 mo!) dlfethylene 
glycol) ethyl ether acrylate, 22.9 g (0.060 mol) of S-dodecy] S'-phanylethyl trithiocarbonate) 
and 985 mg (0.0060 mol) of AIBN tn 300 ml of dry toluene is degassed by purging with 
argon for 3 hours. The mixture Is stirred at 70 4 C under argon for 48 hours. The polymer i3 
collected by precipitation Into methanol, (viscous yellow oil; 1 H NMR: total conversion -99%; 
GPC: Mn 5100, Mw/Mn 1.50). 



Table 3: 



Dispersing 

agent 
(Example) 


Block 1 


Block 1 
length 1 ' 


Block 2 


Block 2 
length 21 


M„ 3 > 


MM? 


3b 


PBA 61 


25.2 


PPEGMEA 8 ' 


2.8 


4400 


1.15 


3c 


PBA 5 ' 


28 


PDEGEEA 7 * 


3.1 


4600 




3d 


PMMA-grad-PEGMEA 8, 


56.6 






7100 


1.47 


3e 


P M MA-g rad -D E G EEA 3) 


42.5 






5100 


1.50 



1) Average number of monomer units of the first block. 

2) Average number of monomer units of the second block. 

3) Molecular weight obtained from 'HNMR Integration. 

4) Polydisperslty of polymer obtained from GPC with THF as solvent. 

5) PBA is po!y(bulyl acrylate). 

6) PPEGMEA is pa!y(po!y(ethylene glycol) methyl acrylate). 

7) PDEGEEA is po!y(diethylene glycol ethyl acrylate). 

8) PMMA-grad-DEGEEA is poly(methyl methacrylate-grad-diethylene glycol ethyl acrylate) 
gradient copolymer (weight ratio MMA:DEGEEA 4:1) 

9) PMMA-grad-PEGMEA Is poly(methyl methacryiate-grad-[poly(ethylene glycol) methyl 
acrylate)]) gradient copolymer (weight ratio MMA: PEGMEA 4:1) 

Example 4 : Preparation of polypropylene nanocomposites In a twin screw extruder. 

Processing is carried out with a Japan Steel Works 30 mm diameter twin screw ejttruder of 
L/D ratio 42 (JSW TEX 30) that comprises ten temperature controlled barrel sections each 
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with L/D of 3.5, three unhealed sampling zones with L/D 1.167, and a cooled feed block 
with L/D 3.6. The screw configuration consists of a combination of mixing, kneading and 
conveying elements familiar to those skilled in the art Materials are fed into the extruder via 
a JSW TTF20 gravimetric feeder (Feed 1) and a !<-Tron KQX gravimetric feeder {Feed 2). 
The JSW TEX 30 Is operated in a co rotating (Intermeshlng self wiping) mode with 
throughput of 10 kg/hr and a screw speed of 200 rpm. Vacuum venting is applied to the final 
barrel section. The extrudato is cooled in a water filled strand bath and pellelized. 

In a first step a 10 wt% clay masterbatch is prepared. Feed 1 comprises a dry blend of 
polypropylene pasell HP400N (RTM)] and a stabilizer which is composed of 0.25 wi% of 
Irganox 1010 (RTM) (pentaerythritol tetrakisf3-{3,5-dMert-butyl-4-hydroxyphenyl) propionate]) 
and 0.25 wt% of irgafos 168 (RTM) (tris(2,4-di-tert-buty!phenyl)phosphite). Feed 2 
comprises a blend of the clay [Cioislta (Na + ) (RTM) obtained from Southern Clay Industries] 
and the non-fonic surfactant in the ratio defined In Table 4. All barrel sections are heated to 
170 0 C. 

In the second step the masterbatch is let down to the required clay iBvel (see Table 4) by 
blending the masterbatch (Feed 2) with further polypropylene plus stabilizer (Feed 1), The 
first barrel section is healed at 180°C the remaining barrel sections are heated at 200°C. 

Injection moulding of the extruded samples are preformed with a Cincinnati Mllacron VS55 
28 mm diameter injection moulding machine comprising four temperature controlled sections 
of UD23/1 . The machine Is operated at a clamp force of 50 tons and at a maximum injection 
pressure of 2005 bar. 

Tensile testing is performed according to ISO 521 using an instron 5500R material tensile 
tester. Tensile properties fvs polypropylene) for nanocomposite prepared with a ratio of 
copolymer : clay of 1:5 are summarized In Tables 4 and 5. 
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Table4: 



Example 


Amount of 
Cloisite 


Copolymer 


Tensile 
Strength 
(MPa)) 


Modulus 
of Elasticity 
(MPaf 


Elongation at Break 
<%) 


4a 6) 


none 


none 


26.3 


1470 


>800 


4b b > 


5% 


1% Example 3b 


26.9 


1560 


108 


4c b > 


5% 


1% Example 3c 


26.8 


1540 


141 


4d b) 


5% 


1% Example 3d 


26.3 


1530 


34 


4^ 


6% 


1% Example 3e 


26.5 


1590 


31 




5% 


1% Example 1a 


26.8 


1520 


180 


4g l > 


5% 


1% Example 1c 


26.6 


1510 


140 


Tables: 


Example 


Amount of 
Cloisite 


Copolymer 


Tensile 
Strength 
(MPa)) 


Modulus 
of Elasticity 
(MPaf 


Elongation at Break 
(%) 


5a"> 




none 


25.5 


1470 


>800 


Sb b > 


1% 


1% Example 1a 


25.5 


1826 


49 



a) Comparative Example, 

b) Example according to the invention. 



All examples of Table 4 demonstrate that the mechanical properties can be improved com- 
pared to polypropylene by using copolymers prepared by controlled radical polymerization 
according to the present Invention. 
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What Is claimed Is : 

1. A composition comprtsfng 

a) a synthetic polymer, 

b) a filler, and 

c) a dispersing agent prepared by controlled free radical polymerization (CFRP). 

2. A composition according to claim 1, wherein component (a) Is a polyolefin. 

3. A composition according to claim 1 , wherein component (b) is a filler In nanopartlcies. 

4. A composition according to claim 1 , wherein component (b) Is a natural or synthetic 
phyiloslltcate or a mixture of such phyllosiltaafes. 

5. A composition according to claim 1, wherein component (b) is a layered silicate clay. 

6. A composition according to claim 1, wherein component (b) is a montmorillonite, bento- 
nite, baidelite, mica, hectorite, saponite, nontronite, sauoonite, vermlculite, ledlkite, 
magadite, kenyaite, stevenslte, volkonskoite, hydrotalcite or a mixture thereof, 

7. A composition according to claim 1, wherein component (c) is a random, block, star or 
comb copolymer prepared by controlled free radical polymerization. 

8. A composition according to claim 1, wherein component (c) Is a block or comb acrylic co- 
polymer prepared by controlled free radical polymerization. 

9. A composition according to claim 1, wherein component (b) Is present in an amount of 
from 0.1 to 40 %, based on the weight of component (a). 

10. A composition according to claim 1, wherein component (c) is present in an amount of 
from 0.1 to 20 %, based on the weight of component (a) 
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11. A composition according to claim 1, comprising in addition, besides components (a), (b) 
and (c), further additives. 

12. A composition according to claim 11, comprising as further addifives phenolic antioxi- 
dants, light-stabilizers, processing stablflzers, solvents, pigments, dyes, plastlcizers, 
compatibiifeers, toughening agents and/or thixotropic agents. 

13. A composition according to claim 1 in the form of a masterbatch or concentrate compri- 
sing component {a) in an amount of from 5 to 80 %, component (b) in an amount of from 5 
to 80 %, and component (c) in an amount of from 0.5 to 50 % by weight. 

14. A process for the preparation of a synthetic polymer nanocomposite material which 
comprises melt mixing a mixture of a) a synthetic polymer, b) a filler, and c) a dispersing 
agent prepared by controlled free radical polymerization (CFRP). 

15. A process according to claim 14, wherein the melt mixing occurs between 120 and 
290°C, 

16. A synthetic polymer nanocomposite obtained by a process according to claim 14. 

17. Use of a dispersing agent prepared by controlled free radical polymerization to interca- 
late and exfoliate a filler and disperse the filler In a synlhetic polymer matrix to form a nano- 
composite material. 
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